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ABSTRACT

Part 1. lavestigation of aerodynamic-drag characteristics by measuremenis 01 full-scale
1 beams (SWFG7) and angle irons (8L36.9) were made at various pressure levels from Snot
Cherchee. Drag and Lift coefficients were obtained although the ‘low was not normal io the beamd.
Resolution of the flow was determincd. Drag coeffic.ents for the [ beams varied from 2.44 to 2.82
which was somewhat higher than steady-state data, which is usually given at 2.03. The diag co-
effic1ent for the angle 1ron var:ed from 3.11 to 2.81, whereas the steasay-state valve was 1.83.
The Lt coetfficient for ...e angle i1ron varied from 3.28 to 3.73, snd the steady-state value was

2.07.

Part 2. A description of an experiment for determining drag coefficients for spherical shapes
as a function of the dynamic pressure Jf the {icw following blam wave fronts is given. Two siges
of spherical shell (3 and 10 inch diameter) were used in conjunction with three-dimensional, force-
sensing mechanisms. The aensing mechanioms and calibration procedure are described. The
objectives were not achieved because of & serious error in the position of the detonation and be-
cause of some dubious behavior by the gages. Speculative, rather than authoritative, values of
peak drag coefficient are listed as deduced (rom the experiment. The results are briefly com-
pared with thoae for gages used (n & similar pressure range oa Operation Teapot.

Part 3. Investigation of the response of drag-type targets and continuatioa of the statistical
evaluation studies on military vehicles were made by the exposure of ¥,-ton trucks (jeepe: on
Shote Lacrosse, Zuni, and Yuma. Ground ranges were selected to give further data for predict-
ing damage (0 vehicies under different blast conditic na than those previously tested. Analysis of
the data indicated an appreciable reduction ia damage radit for noa-precursor conditions below
that for precursor condi'ions. There was further indication that displacemet, like damage,
resulting from exposure to a blast wave of classical shape was signuicantly reduced as compared
to the displacement received from a nonclassical or precursor wave,

Part 4. Air Blast diffraction and drag loading measurements were mrade at a limited number
of positions on a concrete cubicle during Shot Zuni. The target structure was 6 by § bv 12 feet
and located In a pressure region of 33 psi with a duration of approximately 3 to S seconds. The
objective was achieved, in that succersful records were obtained on representative locations on
the various faces of the structure, but siace the observed wave was non-ideal in character, it
was not possible to correlate the actual loading with that predicted {r>m a scaled shock tube
model.

For comparieon, the actual field records and predicted records are both presented ia the
body of the report. Although the {ree-stream record was oaly slightly rounded, the reflected
pressure over tae (roat of the structure remained high and did not decay as predicted.

Part §. Electronic recording lastrumentation was provided for provided for Project 1.9 oa
Shot: Cherckee and Zuni and recording aad structure instrumentation for siructural respoase
Projert 3.1 on Shot Cherohee. A multi-channe! magnetic tape recording system was wtilised to
recocd 100 data ctannels. The objective was aot fully satisfield oa Shot Cherokee Decause of the
mis-orientation of grouad sero, even though most of the lastrumentationa funciioned satistactorily.
This mis-orientation adversely alfected the data records oltained from the unidirectional elec-
tronic pitot -static q and other gages. The objective was satisfactorily met oa Shot Zual.

A description of the nstrumentation and recording system are preseated (a the body of the
report. A commentary oa the records obtained (s also givea.

¢
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FOREWORD

This report preseats the final resuits of one f the projects participating in the military-effect
programs of Operation Redwing. Overall (aformation about this and the other military-effect
projets caa be obtained from WT- 1344, the “Summary Report of the Commacder, Task Unit
3.” This techaical summary includes: (1) tadles listing each detonstioa with its yield, type.
eaviroument, etecrological conditions, etc.; (2) mape showing shot locations; (3) discussions

of resuits by programe; (4) summaries of objectives, procedures, results, etc., for all projects;
aad (3) a listing of project »eports for the military-effect programs.
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PREFACE

Since this project was one which consisted of several phases, although interrelated, it was crn-
sidered too lengthy for the usual organization. Each phase was treated as veing completely
separate and tae report 18 divided into parts with each part organized as a report in iteell. Ac-
cordingly the body of the report was composed as follows:

Part 1
Part 2
Part 3
Part ¢
Part §

Kructural Members;
Spherical Gagss;

Military Vehicles;

Cubicle Structure; and
Electronic Instrumentatioa.

The authors would like to thank the many people who contributed to this report. Agpreciation
18 expressed to Dr. E.E. Minor for his advice and gutdance. The cooperatios of all Task Group
and Task Unit 3 personnel in gratefully acknowiedged.

Special acknowledgement and appreciation is exteaded to: (1) J.J. Messaros for his work as
coordinator of the Ballistic Research Laboratories’ projects; (2) Lt M.R. Johnston and Lt
A.L. Holiday, for iheir excellent work ia instrument design and development, the authors are
expecially grateful; (3) Martha 8. Alilson for her work in typing and assembling of the Sinal
report; and (4) Lt H. W. Wagenblast for his research ia the shock tube cn spherical gages.

The contributing authors are thanked for their cooperatioa and competent participatioa ia the
compiling of this report: Part 3, R.W. McNeil, R.C. Wise and N. M. Ethridge; Part ¢, J. M.
Keefer and C.N. Kingery; Part 3, E.G. Schwarts and G. L. Roark.
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TRANSIENT ORAG LOADING of ACTUAL ond IDEALIZED
SHAPCS from H/IGH-YIELD DETONATIONS

Part /
STRUCTURAL MEMIERS

OBJECTIWVE

The objective of this part of Project | 3 was the investigation { the aerodyn~mic drag char-
acte=isti~s of full scale structural nembers shen exposed to transieat loading conditions result-
\rg (~om a high yield nuciear device. Four wide-flange | beams (8WF@7) and tour angle irons
97 L€ 9) were exposed on Shot Chervkee 1n order 1o determine the blast loading and hence, their
coefficients of drag and, in the case of the angle iron, coeflicients of Lift.

BACKGROUND AND THEORY

The drag torces acting on a body enveloped 1n a transient-flow field, such as those frcm a
passage of a biast wave through a medium at rest, have been the subject of considersble interest
in the past. A review of (he problems arisi~g {from a study of drag in a transient (a9 vpposed to
a sleady state) field has been made by the American Machine and Foundry Company (Reference
1. An important suppiement was published by Sand:a Corporation (Keference 2). A careful re-
view of the available literature, in particular References | and 2, indicated that for blast-wave-
produced transient-flow lieids, the drag coeflicients, Cq, obtained for r > 10 would be equiva-
lent to the steady-state drag coefficients {'r like Reynolds numbers and media:

r - /N

Whea. * = Dimensioniess quantity used for comparison of shock front travel over one
obetacle to that of ancther.

(t.n

U : Shock wave veiocity.
t « Time.
h « Characteristic flow length dimension of the object.

R may be aoted that for hiast waves of interest, those for which U « 3,000 ft/ovc and & > |
loot, the time condition will require that for ¢ > 3-meec, C,4 will be that for & sumilar povedo-
steady -otate coadition.

Based oa the above assumption, beam sensors {or the test were designed for forces found by
using steady-state drag coefficionts .Reference J) for dynamic pressures corresponding to those
that were to be expected 1a the [(ieid. This basic sssumplion was confirmed, within experimental
accuracy, by ehock-tube experiments at BRL on small cantiievered beame mrunted parallel to
the wave front (n the tube.

Resyonse of simple uailorm beame, subjected (o various loadiag and end condilions, has
been widely investigated (References ¢ threugh 17). Factors brought out ia such references
ouggesied (he advisabdiliity of & simply-supported beam set up for the field test to facilitate theo-
retical analysis and data reduciion.
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After deciding to use a simply-supported beam as the test instrumet, the main provlem was
A Choesing the correct combination <! heam, supports, and mount. The team was to be pre-
eented pavailel to the sha “a tr .at ant was connected to its mount by a pa'r of supports. The
supports aere nstrumernted with strain gages. The basic theory of the measuremerts was that
the reactivne measured winld be a good representation of the 'oad if the period ol vibration of
the twam was Much slorter than the duratw:'s of the signyicant details of the luvad. The desyn
ctve comn-atica f beam, suppr 11, a9d nount sas governed Ly this theary. The final test
seitions seiected were dNEGT for the wide-tlanged beam and 8 36.9 for the angle ron.

A d.picate of the final 1wunt dJesign used in the fieid tests was emplacel 1n a furing area at
Awrdeen s roving Ground and s byected (0 three high-explosive-produced blast waves. Nou drag
data were ota nat-le since the blast waves vroduced were of ahort duration, but the test system
tore up weii and indicated reasonabie res,onse characteristics tor the test mounting systera,
i.e., ‘he lunaamental periud was short co npared to the dura.ion of the load.

For determining drag and Lt cuocificients, the following equations were used:

i F.’\ or v
Caq - qr 1.2

MWhere F Net {orce on beam
A Frontal area of beam
Q Dvnaniic pressure .{rce stream:

S.vecripts of F are h and v Fy, indicates the net force horizontal to the ground plane and 18
used to compute drag coefficients. F, indicates the net {urce perpendicular to the grouad plane
and 18 used to compute Lift coefficients. The angle irons were oriented so that negative lift
would be experienced.

The sgnificance of drag characteristics ¢f structural members becomes evident when one
congiders the many structural complexes which are simply vartous configurations of structural
members joined to form trusses and lattice-type networks. Although the drag characteristics
will e aitered when the members are joined, much will be gained by first examining simple
structural veams.

OI'EFATICONS

Stations consisting of an | beam and an angie irun were placed on Sites Able, Man-Made
lsiand 1, Man-Made [sland 2, and Site Dug for expusure to Shot Cherokee (Table A.2).

A crew of four men instalied the beams and made the necessary hookups tc the recording
=quipment A calibration crew jolluwed, making final ciiculations of expected pressures and
appropriate calibration vaives. Final checks were made just before shot day to insure proper
cperation of instrumente.

Shields were inrtalied over the sensing elements to prutect them from adverse atmoapheric
and thermal exposures.

INSTRUMENTATION

Test Nomoor_n.. The test memuers were {ull scale structural members. There were two
types Joed, wmide-flange | beams and angle irnne. Descriptions of these members can be found
in Tabie 1. Sensor st listics are lListed in Table 2.

Test Member Mounts. The mounts consisted of two vertical 12WF38 beams embedded in
concrete and set on 10-fout centers for the [ beam and on 8-foot centess for the angle iron; the
centeriine of each test member was 3 feet above ground. A horizontal section was welded to the
vertical section and a gusset plate added at the joint for structural rigidity. A support knee
brace was also ueed to provide additional strength. The web of the end portion of the horizontal
section was removed and 8 bwet plate welded againat the cut section of the web for instrumenta-
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tion mounting.  For the angle 11on mounat Lue top (lange, as well as the web, was removed from
the horizoantal section. Where the depth of the coral and sand was insulficient to provide adequate
mount -ta-soil coupling, WF heams were driven .~to the coral and used as piling. Fywure 1 shows
typical structural memtinr mounts.

Senscrs.  The total drag and Lift forces exerted Lpon the structural members were measured

Ly ineans of strain-sensing elements which were applied to the sensors. These sensors were

TABLE 1 TIST MEMBLIR STATISTICS

Tt Mer r Langth Doptin Tyin Matarial

n n
WF T ~ @ s FaT Steel
r o 4 . Al 6.9 steel

attached, at each end of the test members, to the mount. Ball-and-socket joints at each end of
the sensors were provided in order to give as closely as poasible an approximation to the (dea!
pinned end {or simply supported beams (Figure ).

The total force feit by the beam was transiated to the mount thr wgh the sensors. The gages
used iv instrument the sensors were Baldwin SR-4 strain gages, Type CB-11. These were 330-
ohm bakelite gages. Two complete four-arm bridges were mounted on e>ch sensor used with
the | beam (Figure 3). In each bridge, two gages in opposite arms of the br.dee and on cpposite
sides uf the sensor were mounted with the sensing elements runniag parallel to the anial direc-
tion. The two remaining gages were n. unted perpendicular to this direction on the remaining
sides. With thia symmetrical placement of the gages, when the sensor was loaded, the bridge
had a bridge factor of approximately 2.6 (2.6 active arms). With these connections, any bending

TABLE 2 SENSOR STATISTICS

Station Location Ftective Longth Width  Breadth Mate: sl
inches nches inches

wr Able 3 1.3% 1.37¢ Dursal
Man-Made lsland No. 1 k) 0.850 0.650 Durel
Man-Made Island No. 2 J 0.500  0.373 Dural

Dug 3 0.500 0.13 Duial

r Able | 1.300  1.300 Dursi
Man-Made Island No. 1 1 0.620 0.6.0 Dural
Man-Made laland No. 2 1 0.5300 0.500 Durai

Dog 1 0.500 0.120 Dural

moment canceled iteelf. By using the ball-and-socket joints on each ead of the seniors, torsion
was considered to be negligible.

Because of the short length of the sensore used on the angle-Lroa mounts, oaly 1 lour-arm
bridge could be mounted on each sensor (Figure 4). Exceptions were the seasors veed on the
angle (ron at Mation 133.04. Culy two active gages were mouated, these on opposite sydes and

opposite arms. The bridge was .ompleted with two dummy gages.
The material and dimension of the sensors were chosen to provide for: the maximum expected

stresses transmitted by the test beams, 3ufficient unit strain for recording purposes, and o
frequency roughly 10 times that of the beam fundamental [requency. Sensor statistice ~r» given

in Table 3.
13

SECREY




‘4“ -

rigure 1 Typical structural member station.

Fgure 2 Sensor assembly (or structursl members.
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Figure 3 l-beam sensors. with strain gages attached.

Figure 4 Angle-iron sensors, with strain gages attached.

13
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Calibration Procedure. The structural members after having been mounted and completely
checked for curcuit continuity, were calibrated in the following manner.

Knuwing the intended location and the Limits of the yield of the device, the manimum expected
Jynamic pressurr and hence the force on each beam was computed. Calibration points were
taken in 20-percent increments up to 100 percent of the expected torce. For insurance against
a h-gcher yield, one final calibration poiat was taken »° 130 percent of the expected force.

Calivration of the | beam was a straight-forward procedure. A frame was placed over the
test member and using the frame as a support, s hydraulic jack was nserted between {rame and
beam end. With a Dulon force gage indicating the actual force on the sensor, tae jack was ut:-
lized to vutain the force necessary. This force vas recorded as a signal output from the strain
bridge mcunted on the sensor.

In calibrating the angle iron, lift and drag were both considered. The same calitration pro-
cedure and equipment which were used on the | beam were used on the horizontal component of
the angle iron. The same procedure but a dulterent {rame configuration was used to cali.. ~*»
the v ~rtical component of the angle iron.

Typical calibration curves for the | beam and angle ircn are shown in Figures 3 and 6. Thus
information 18 presented as a plot of recording galvanometer deflection versus applied 'oad. The

R B o

e —— e -

QECONDER DEFLECTON, INCHLS
RECOROEN DEFLECTION, 18CNHED

L08. SEuSOR L08, EDEOR
Figure 3 Typical calibration curve Figure 6 Typical calibration curve
for the | beam. for the angle iron,

galvanometer 18 activated by the electrical nignal {from the strain gages, which is proportional
to the spplied load.

REQUIRED DATA

The prirmary dala required were net force versus time recordings of each beam. Since s
s.mply supported beam was desired, care was exercised to obtain auch a support ia the field.
End plates were mounted over each end f the test members. Thls gave an approximation of &
two-dimensional bears and, U the flow should yaw, no Inading would be experienced on the ends
ol the members. With the ] beams orsented normal to the flow, aay forces perpendicular to the
>eams were considered to be aegligible. The angle iron sensed the normal horisontal force and,
tn addition, the vertical force.

Theee forcse were recorded by the BRL magnetic tape recorder deecribed in References 18
and 19. The tape was then played back aad the signal was printed oa osclilographic paper ia the
form of a deflected trace (which representied force) versus time.

Since the beams were undamped, strong oecillations (superimposed oa 8 mean dellection)
weore prevalont. Because of the similarily to situations existing with certaia other gages used
at BRL, data reduction was handled by the same means as used {or theee gages.

10
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I the vutput uf the oscillating gage 8 recorded linearly, an envelope of the cscillation can be
constructed Ly juiaing each maximum peak =.ir the succeeding one. Likewise, the minimum
peaks can be Joined. An average of this cnve'ope will be the corr-~t displacement or force.
However, the recorder used was non-lineas. This dictated a linearization of the trace Lefore
the envelope could ve drawn.

The lLinearization and averaging were done simultanecusly by the high-speed digital computer,
the ORDVAC, at BRL. A complete and detailed treatment of this type reduction can be found in
Appendix B, (Referrnce 20 .

The only data required frory other projects were the basic blast mecasurements from Project

[T

RESULTS AND DISCUSSION

The deviation between actual ground zero and intended ground zeio resulted 1n an unexpected
flow lirection and unexpected overpressures. However, all instrumentation functioned; though

AL @12

Yem (wEC)
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Figure ! Drag force versus time for Sites Able, Man-Made Ilsiand 2, and Dog,
n-: Jrag force sensed by | beam.

some of \t not adequately. Since simple supports were used, \f one support failed to give an
adequate or reliable signal, the other support reading could be extended and used 28 a basis for
a total reading. Furthermore, ia the case of the | beam, there were two bridges per sensor
which made It possibie to assess the acruracy of the reading.

On Site Able, drag forces were obtained for the | beam and both drag ana Uit (orces were
ot+tained for the angie iron. On Man-Made lsland 1, drag and lift were both obtained for the
angle tron. The [ beam instrumentation on Man-Made Isiand 1 did not function properly in that
twn channels had abnormal shifts and the other twd channels were low amplitude with s high
noise-to-signal ratio. On Man-Made Island 2, drag forces on both heams were oltatned. On
Site Dog, drag lorces were obtained for the ; beam only. The instrumentalion on the angle iron
at Site Dog, because it was not shielded a the correct direction for 'aermal radiation, failed
to functina properly. The signal drifted out of the calibrated range.

The measured peak drag and lift forces of eacn slat.on 872 listed in Table 3. “\gure 7 shows
the drag force versus time recordings obtained from the | beam statir.ns on Site Able, Man-

11
SECRETY




Made Islad 2, and Site Dog. The recording from Man-Made Island 2 .Qn a pronounced ef-
lect uf the reflccted pressure {rom the Project 3.1 structure directly behind the test beams.
The design of the angle-iron suppurts was such that nnce the beam was ioaded, it did not show
a typical recovery (rom the trausient dyaamic loading. Therefore, only peak force loadings
were judged to Le reliavle, und no force-time histories were considered warranted.

The degree of reliability of the drag and LIt cuefficients obta:ned depended maialy on the
correct resolution of the dynam:c pressure experienced by the test members. Since an angle
of deviaticna of licw occurred at each station, the full impact of the free stream pressure was
not felt by the test members. Because the test members could only sense forces in the same
direction as tne sensors, only that part of the flow which was normal to the beams was congil-

ered.
Dy am.c pressure (Q) was defined as:

Q- "x»"x (1.9
Where: Q : Measured (ree stream Jynamic pressure
o  Density of aiwr
v s Particle velocity behind the blast wave.

Q. being a pressure, s tacrefore a scalar and cannot be resolved into components, whereas
warticle velocity i1s a “ector and can be resolved. The particle velocity normal to the beam 18
t*r rroduct of particle velocity, and the ccsing of the angle of yaw. Substituting this value i1
the above equation, the equation becomes:

Q =+ Y4pn(vcos o
Q : ("3povhicosts
or Q - Qcost# (1.4

Where: Q' + Corrected dynamic pressure.
Q : Measured free stream dynamic pressure.
® » Angle of yaw.

This method was used in determining tne drag and Lift coefficient in Table 3. A sample cal-
culation of a drag coeflicient is as follows:

1 beam Yaw angle - 12 deg

Site Able Frontal area - 1,152 sauare inchea
Peak drag force - 1,100 pounds
Computed Q - 0.40 pe:

F F
Ca'Fa O " Txos

. 1100
6.‘\“!5“6-”‘)'

C‘ . 1.3

CONCLUSIONS

The nstruments drsigned for measuring drag \oading on structural members on Shot Cnero-
kee, although primar.ly unudirectional, respondec well. Three of the four 1 beam gage ' gave
usable recordings. (‘vasidering the angle iroas, th. ee of the four gages gave usable d -ug data
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and two of the four gages gave usable lift data. Only the peak forces were read from the angle-
iron recordings since they experienced signal shifts when loaded.

Steady-state drag and Wit coeflicients compare with those obtained on Operation Redwing as
shown in Table 4.

Tr+ dyaamic coellicieate thown 1n Table 4 were cLtained for beams at various angles of yaw
by applying the correction 1. ¢cthod outlined 1n Equation 1.4. Since these values should closely
approxiumrate values which would Lave been vitained had the flow been normal to the beams, 1t
19 apparent that the method may be applied to predict the lnading on angle beams and | beams at
angular orientations to flow.

RECOMMENDATIONS

Although there 18 a paucity of data, the author makes the following recommendations:

1. In any furtner investigation of drag loading on structu=al members, participation shoild
Le oaly on ground bursts or tower detonations. This would ausure flow normal to the members.

2. U, nowever, an angle of yaw 18 experienced on a unidirectional drag target, the meas-
ured {ree stream dynamic pressure should be corrected Ly the square of the cosine of the yaw
angie before drag coefficients are computed.

3 Modifications should be made on the angle-iron instrumentation to prevent the signsl
shifis. Since horizontal and vertical forces are required, twn angle stations should be instru-
raented. One station should measure the horizontal force while restricting the vertical force
the cther should measure the vertical force while restricting the horizontal force.

The l-beam instrumeniation, as a whole, functioned adequately. Slight modifications of the
sensor Learings, in order to facilitate installation, would be worthwhaile. i

4. U operstionally feasible, further experimentation should be undertaken in orde. to suppie-
ment and verify the existing data under more deal input conditions.

20
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Part 2
SPHERICAL GAGES

OBJECTIVES

The objective of Part 2 of Pioject 1.5 was the study of the formation and nature of the drag
forces exerted on spheres in the transient flow fields {oliowis long-duration, classical blast
waves. In accordance with this objective, it was desirable to compare the results obtained on
the Operation Teapot sphere tests (Reference 20) with those achueved here in an attempt to de-
termine the effects of wave duration and dust loading. Also, it was of interest to test for scal-
ing, beiween two sizes of spheres, based on Reynolds number.

BACKGROUND AND THEORY

Ti.e need for drag studies has ar:sen as the + ' 1tion of blast vaves has tncreased. The aero-
dynamic drag forces produced by the flow follov..ay a blast {ront assume incr2asing «mportaice
in causing damage to many targets (see, for example, Part 3 of this report) as the tims interval
over which they are exerted increases. Test shots 1n Nevada pruducing shock waves whose
parameters were not apparently amenable to prediction by the Rankine-Hugoniot relations pointed
up the :eed for direct measurements of drag forces. Such loading measurements would have to
provide data which would allow theoretical or empirical predictions of damage from a given
atomic detonat.on.

Accordingly, on Operation Teapot, two project groups were organized, one by the Naval
Ordnance Laboratory (NOL) and one by the Ballistic Research Laboratories (BRL) and their
purpose was to investigate methods for making the direct measurements required. Both groups
chose to use siniple geometrical shapes. BRL interest was restricted to spheres of J-inch and
10-inch diameter, while NOL used, in addition to spheres cf these two aizes, rectangular boxes
and two-dimensional cylinders (Reference 23). The gages were arrayed on three viast lines
whose surfaces were treated to give respectively, clean-air, classical blast waves; clean-air
precursor blast waves; and dust-laden precursor blast waves. The effects measured in the
clean-air, classical waves were to be usc? both as a standard for comparing the resuits from
the oth>r wave types as well as a basis for comparison between the drag characteristics of a
sphere determined in steady-state wind-tunnel work with those found in the transieat flow {ields
accompanying blast waves.

Because of unforseen loading of the clean-air shock waves and interaction between the waves
on adjoining lines, need for further work with truly clean-air waves was indicated.

Consequently, participation on Operation Redwing at the EFG was planned, for there 't was
felt clean-air waves could be expecied. “RL participation was planned for a multi-megaton
shot giving long blast-wave durations (Reference 22), while NOL participation was planned for
a multi-kiloton shot having durations more nearly comparable to those for the Operation Teapot
MET shot. Thus, it was hoped that an indication of the effects of decay rates might also be
shown,

The study of the formation and nature of drag forces cn spheres in a transient fiow {ield can
be made most effectively by comparing the Zals taken under transiemt conditions with data from
steady flow wind iunnels. To make such a comparison, one must simply present the two sets
of data in compatible form.

It is usual to presen® drag data in a non-dimensional form to aliow scaling between objects
placed ia flow fields of various characteristics. For low velocity flow (less than Mach 0.5) the
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most geaeral form 1s a plut of the lagarithm of drag coeflicient, Cpy, versus the logarithm of
Reyr.olds number, R (Reference 21)

e Y LML @

Where d + A characteristic dimension of tie <bje.t (the sphere diameter 18 used)
i« The density ol “he medium
V  The velocity of the medium
w The viscusity of the medium

Since no gage to measure the viacosity uf air has been develuped for nuclear field tests, Rey-

noids number for these tests cannot be directly determined. Instead, as on Operation Teapot,
the use uf dynamic pressure, Q, instead ul Reynulds number was decided upun. The resulting
presentation i1s simular to the usual one and, when its [¢mitat-ons are considered, a number ol
inferences may be drawn {rom th¢e comparison ul the twn (Reference 20), Figure 8 shows a

T T o o o W
]

Figure 8 Typical logarithmic plot of drag coeffic.ent
(Cp! versus Reynclds number (R) fcr spheres.

plut of log Cpy versus log R taken from wind tunnel dat> while Figure 28 shows a plot of log Cp
versus log Q takea from Oprration Teapot data. [t iy apparent from its ~lope and position that
the Operation Teaput curve 18 restricted to a plot of Cp values occurring at flows having Rey-
nolde numbers lees than critical. (The critical Reynolds number (s usua'ly defined as corre-
sponding to a drag coefficient of 0.3 in the rapidly changing portion of the cirve.)

Also, by piotting curves of lug Cp versus log Q for various time segments, changes in the
relation between Lhe two variables during various stages of the blas: wave may be illuminsted.

Finally, the log Cp versus log Qp presentation is useful in investigating the scaling relaticn
between two spheres of different sizes at the same station. Since the Reynolds number depends
un the object size, whiie the dynamic presasure dnes not, for a given Q, Reynolds rumber wiil
vary iu proportion to the sizes of the objects. Mence, at a given station the 3-inch sphere ex-
periences & fiow having a Reynolds aumber %,,'s of the Reynolds numuer for a 10-inch spaere.
A plat of log Cp versus log Q for a 3-inch gage would then be transiated slong the log Q axis
relative to a similar plot for a 10-inch gage, i Reynolds number scaling s applied.

OPERATIONS

Twu drag gage stations were coasiructed, one on Site Able and nne an Site Dog for exposure
to Shut Cherokee. At each station, one 10-inch diameter gage and two 3-inch dianster gages
were mounted. Lpon completion of the necessary honkupe 10 the recording equipment, (he gaged
were statically calibrated over the range of forces predicted on the basie of their poeitions.

INSTRUMENTATION

Drag . The gage was esseidially a spherical shell coupled (0 & rigid support sting by
s 3-dimensional sensing element (Figure §). The sensing element was & sensitive, compact

|
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Wil made wp vl wht aluminum Links teld in place between the sting and a center ring (Figvres
10 and L1 urder & compresmive torce larger (han anv to be irpressed upon the gage by extcrnal
elfiects. The desiin resuited in a gaxe having a high natural {requemy, a slippage-{ree aclion,
Avd aherent 1are ol being damped.

Inthe at-rest josition all Links were equally stressed, but when an external force vas aiphed
to the gage, the stress in s me links was increased and that in uthers was decTeanen. Strain
caxes mourted n the links sensed these  hanges and (onverted them to recordable electric
signais. The gage aas (onatructed with four Links parallel to the axial direction (axis of the
sting’, two paraliel to the vertical, and two parallel 1 the transverse.

F.ure 1218 a schematic diagram of a drag page suspends=d on three paira of precompressed
links anchered at the center of the sphere. I illustrates a system capable of sensing three-
dimensi. 1al torces, but offeriig virtually no opposition to torsional forces. A small torsional
force. such as could be produced by mount vibrations, would disassemble the gage.

To prevent this, the RRL gage was constructed with four link pairs. Instead of lying on
concurtent lines, these translated outward from the center of the gage to allow production of
moments oppusing any tursional motion, Figure 13 18 a schematic drawing showing the dis-

Figare 9 Three -inch spherica' drag gage.

placement of the links {rom tero along the X and ¥ or X and Z axis. The links are regresented
Uy the arrows, the arrowheads puint in the direction ot the forces applied to the sting as a re-
suit of the precompression of the Links. The spherical shell (not shuwa) wae attached to the
ring and compietely surrounded the mechaniem.

The configuration ilivetrate 1 wae stabie, nasmuch as a force applied anywhere on the surface
ol the ephere would simply cause & redistribution of stresses in the various links 8o that an
equal, ppneing force was created.

When an external force was applied to the gage, it changed the length of the links parsliel to
ita direction of action. Because thw displacoment of Ihe gage was extremely small and because
*8.h Link was mounted Letween pivids, action of this furce on the links perpendicular to it was
negligible. 1 a tersional torce was applied to the shell, all of the links assumed new stresses,
Lut no electrical swiput was registered. since the strain gage hridge connection giving moet -
sensitive oulput for pure lorce loads alsu gave 2ero output for torsion. The lLings, shown In
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Figure 10 Detail of link mounting and
orientation {or J-inch sphere.

Figure 11 Detail of link sensing mechanism;
10-inch drag gage with rear half of shell
removed.
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suspended on three pairs of precompressed

AXIAL

| @ P

/-- sTING

\

/

LINK SUPPOAT

Figure 13 Schematic drawing, drag gage
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Figure 14, were loaded oif their centrowdal axes to ive a beam-column effect. Damping of the
sage vscillations was vitained by intermee hed brass ieaves 0.004 inch thick attached alternately
to vppusite ends of the Lina. The surtace of each strip was coated with Dow Corning high-
viscosity silicone vil 80 that when relative motion between the rass strips occurred under
tluctuating link loads, viscous damping torces were tuilt up between the strips. There vas
almoest no static [riciton between the strips. but on the very sensitive gages used at Site Dog
there was evough present to cause slight gage hysteress.

Shovk-tube (ests cunducted on the J-inch diameter gages showed that the gages had a higher
aatural freque.ay YOO cpe’ higher output (greater than 30 mv with a 20 v it power supply) and
more adequate damping than the BRL drag gages used during Operation Teaput.

Mounts. The gaxe mouds consisted of three G-inch double extra heavy pipes extending 3
{eet avuVe ground and embedded ¢ leet apart 1n concrete.  The abuveground pipe ends were

Figure 14 3-inch drag-gage sensing link.

cut at a 43 degree angle (0 allow the {ield-weld installation by the contractor of a tapered gage
sting mount supplied by the project. The mount was construcled of 8-inch diameter solld steel
stock and tapered 0 the diameter of the flared section of the gage sting (see Figure 13).
The gage sting was inserted i1nto a bored hole in the mount and held in place with set screws.
A cable-junction box was installed 1n the concrete base with cable conduits ruaning (rom the
box to the pipe for facilitating cable hookup and calibration work. A typical station is shown in
Figure 18,

Calibration. All spherical gages, after installation (n the (ield and connection to the record.
ing system cables, were statically calibrated (n six directions along the three sensitive anes.
The calibration rig, Figures 16 and 17, consisted of a rigld {rame attached to the gage sting
and supporting two pneumatically operated piston assemblies. The {rame was rotated 80 that
one piaton applied force on the equator of a sphere at the proper points. The other pision was
oriented to apply force slong the axis away {rom ground zero. The piston was made airtight by
the use cf a Bellofram convoluted-diaphragm-type sesl. Air was supplied to it from a 430 pei
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Figure 13 Typical spherical drag-gage station.
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Figure 18 3-inch drag.gage calibrator in
position for field callbration of vertical-
gage component.
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tank through regulators giving a range of preasures (rom 0.2 inch f water to 300 psi. The
pressures were read on dial gages having 2 percent accuracy. The calibrator for the 10-inch
spheres was larger and heavier than that for the J-inch spheres and it had a larger actuator-
piston area su that the same regulater and gage system could be used interchangeably. The
actual forces developed were found as the product of the pressure and the elfective piston area.
An accurately calivrated (0.1 percent) Baldwin SR-4 load cell was used to double check the cali-
tration of the svstem.

Seme loss of accuracy, noted for low-force calibrations, was attributed to stifiness of the
Deliotram seal. Huwever, by anplyving pressures to the calibrator which would produce a se-
J«ence of force values which oscillated about anu slow!y approached the desired vaiue, the effect
ot the stifiness, as well an the el'ect of static friction in the gage, could be minimized.

Figure 17 Detail of positioned 3-inch drag-
gage caliwvrator.

The calibirators were used i1n the field' by adjustment of the regulators, the forces requested
{rom the recording sheiler were applied and held constant until the proper recording mechanism
adjustments were made. Calhibration forces in sach direction were applied as shown in Talrle

5.

REQUIRED DATA

The only data required of the drayg gages were curves of net force versus «!me along the
three mutually perpendicular axes of the gage.

Tre auxiliary data required was a plat of dynamic pressure versus time.

This data was recorded Ly the magnetic tape recorder system described in References 18
and 19. The magnetic tapes on which the data were recorded were played back through an
oeciliograph recorder which presented the data on a roll of T-inch-wide photographic paper.
Timing pulses marking 1',-msec intervals and a zero time pulse were also displayed with the
data trace.

The data was read on a projection type data reader equipped with movable croes hairs. The
positions of the cross hairs were expressed numerically by an electronic device and the values
80 obtained were sutomatically punched on IBM cards. [n this manner, the coordinates of all

2
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the peats 0n the records were determined. The IBM cards were then fed into the ORDVAC
high speed Jiital computer and, with the proper programming anu the iatroduction of the cali-
areaon data, 't Linearited and snwoothed the records. A description of this process i8 given in
A pendix B ol Reference 20.

As recened from the URDVAC. the data r presented the furres measured alony each of the
three orinc.pal axis of the gage. It was oriQi ally theught that simple vector manipulations
wuvuld sutfice 1O dJeternure the magnitude and ( irection of the total-furce vectur, however, re-
cent shock tube testa perfuormed 1n the BRL 24 inch anock tube have shown that the desired re-
suits may nut e oinained by this method. As L angle between the {iuw and the axis of the
sting 1ncreases alu ve a {few degrees, the sting «erivusly affects the flow and the total {force
changes as a function of the angle. It was found, as a1 empirical result. that the axial comvo-
nent { mesasured force varies Little from the  roduct « f the predicted (theoretical) force and
the cosine of the previously mentioned angle.

The method used 1n obtaining the total force from the field data was directly based on the
shock tube experiments. the axial measured force value was divided by the cosine of th» angle

TABLE » CAUIBRATION POIN i3 FOR X-INCH AND 1 INCH SPHRERGS

Al val L e gttt larme of eyguisaient ‘irngﬂn.-u iIre. pee.

{d~inch S-hoeres Y-Inch Spheres
Ste  Aual Tranmerse Vertical Axial  Transveree Vertcal
Left  Hight Lp Dvwn Lelt dignt Lp Down
plus  plus  minue piue minue  plus vius  munus  plus nunus
Alije O 0 n 0 o 0 0 0 0 0
3.2 2.7 PR | 207 2.9 3.6 kL) 3.6 e LK ]
617 3.38 3.3¢ 3.36 $.36 6.1 L) 6.4 6.4 8.4
a7 b } | 7.3 .3 T3 R} 9.3 9.3 9.3 9.3
12.13 - - — — - - - -_— —
D¢ ¢ 0 a o o 0 ] o ° 0

0.13% a.1% 0.1 0.13 .13 0.17 V.18 0.19 18 0.18
027 0.27  0.27 0.27 0.37 0.4 0.45 0.45 0.45 0.43
0.3% 03 o) 0.3% 0.37 0.62 0.62 0.62 0.62 0.62
O 20 050 050 0.50 0.50 0.7% 0.79 0.79 0.7% 0.7
) 64 0.64 0.64 —_ —_ 1.08 -_ -—

0. -— — -— — - - —_— -~ -

bet'veen the assumed (icw direction and the direction cf the axts of the gage sting. Tre supposed
flow direction was radia!, emanating from true ground zero.

A correction was also necessary to account for the duference in pressure between the inside
of the gage (atmospheric) and that outs:de the gage (siae-on) which tended to [arce the sting into
the gage shell. This would be registered by the gage as a force in the same direction as the
true drag force and having a magnitude P a, where Pg ‘s side-on blast pressure and J (s the
circular cross sectional a.ea of the sting. R .s apparent that this sting correction force would
have to be subtracted from the indicated force to give the true drag force.

RESULTS AND DISCUSSION

The results of this test were seriously affected Dy the great differences between the pressures
predicted and those obtained (Table 0).

At Site Able the signal recorded was about ¥ that expected and was, consequently, little
stronger than the system nolse. Also, the corresponding forces did not exceed the small static
forces which existed i: the damping leaves by a large margin.

At Site Dog, the pressure was almost twice that ex ected and, while the averaged drag pres-
sures did not excced those calibrated for, in some cases, pesk values caused by mount cecilla-
tion were high enough to overstress the links.

»
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At Site Dog, some (law in the 3-inch gage (No. 4) produced occasional abrapt changes ia the
record displacement. In such cases, the exact amount of the shilt was appa~ent and based on
the assumptions that the gage sensitivity wae unaffected and that the output ol the gage | cturned
to zero, the segments o the curve were transposed to produce a continuous curve.

Ning corrections intr.oduced a probiem, for in some cases the product of aide-un pressure
and area was alincst as large as the indicated force. Since the indicated force is expected to be
the sum of the tru: force and the sting correction was, it may be assumed that one of these was
small 1n the cases in question. The sting correction 1a dependent Jpon the dulerence Letween
the pressure traped '8 Je the spherical shell and that outside; here, the blast pressure.’

There was evidence that, during the 2-week period between the ready Jdate and the actual
shot date, the cont nuous action of the wind caused the silicone grease seal between the sting
and the gage shell to flow and to rupture. Thus, air flow past the ating and 1nt0 the sheill vas
possible and the sting correction became a time dependent (as opposed to parametric) function

TABLE ¢ MUST PROUBABLE PEAK DRAG COEFFICIENT VALULS

Predicied Values Actual Values ®
Site  Gage® Drvnamuc Dvnanuc Drag
Overpreseure Pressure Orerpressure Piessure Coeflicient
psi psi P ps
Able 10-1 23 10.6 4.1 1,308 0.53
Able 3-1 23 10.8 4.1 9.313 0.61
Able -2 23 10.8 4.1 0.398 nss
Dug 10-2 32 0.28 4.5 0.475 0.91
Dog 3-3 a2 0.2¢ 40 0.47% 0.47
Dog ' 3-4 22 0.2¢ 4.5 0.473 0.8

® First number 18 gage daameter in inches, second number is serial number
! Dynamic pressure computed using Rankine-Hugomot relations.

generally smaller than the simp!ly obtained value for the sealcd gags. Since the rate of pressure
rise inside Lthe shell was devendent vn an unknown, the Jegree to which the seal had failed, and
its description was not congidered possib'e.

‘i'o Investigate leak time, & gage wilh a {auity seal was placed in a chamber which was f{illed
with air to & pressure of 3 pel. After a delay suflicient to allow pressuie inside the g ige to
equalize with rressure eaternal to it, a diaphragm con Lhe chamber was ruptured to allow almost
instantaneous dissipation of the preasure. The gage leak time was observed as the duration of
output on the axial recording channel. This time was found to be a small portion of the Shot
Cherokee blast wave duration. The test could be considered only an approximaticn of {ield con-
ditions since there was no way of kuowing the actual sizes of the leaks present in the field.

Since the existence of dynamic pressure seemed sufficient evidence for a drag force and
since the {ailure of the pressure seals seemed quite certaln, it was deemed prudent to neglect
sting corrections. Thus, oaly a short portion early on the record of drag force wiuld be in
erene,

The dynamic pressure gages suffered (rom the angle etfects and the amall signal amplitudes
80 that a0 direct msasurements of Q wete avuilable.

The data Le preseated with all corrections made. Two forms ol data presentstion are used:
the {iret gives time depeadent plots of drag pressure measured along the three axes and the
second gives a logarithmic plot of Cp versus Q. R should be aoted that tkose plots of drag
pressure versus (Ime marked axial have been corrected by divisioa by the cosine of the yaw

! Bocause fill time 1e difficult to predict accurately even under known ouaditions, it
was considered preferstie to ssal the gage and use a sting correction.

)
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angle, to give the best estimate of tota: drag pressure values. The form of the curve was pre-
cisely sumilar to the true axial drag pressure curve. The yaw angle measv~:4 o2 Sile ALl »as
13 degrees, (18 cosine was 0.978. The yaw angle measured on Sit. Uog was 32 degrees, 'ts co-
sine wag 0.848.

The drag coeflicients were computed using drag pressures taken trom the correcicd 2nial
drag pressure plots and using dynamic pressures computed from side-on pressure values with
the aid of the Raakine-Hugoniot reiation. Drag-pressure values, taken at regular intervals
(generelly, each 300 msec) were divided Ly dynamic pressures com puted for the corresponding
times. The use of the Rankine-Hugoniot relation to determine dynamic pressure anywh-.re, ex-
cept at the shock {ront was incorrect, but the aryroximate results obtained, where comoarisons
have Leen made, were not found to diller widely [rom directly measured values.

The results for the 10-inch gage at Sits Able are given in Figures 18 and 24. E-cept for the
correction to the &xial drag pressurz values, the plots c{ drag pressure versus time are exactly
as received from the smoothirg and linesrizing process. In order of descending dynamic pres-
sure, the drag coeflicients were computed at the following times: using the peak drag pressure
value; 73 meec, using a value which was the average of the spikes occurring at the {irst of the
record; 200 meec, using a value corresponding to the height of the curve just following the oc-
currence of the sp.kes; and 300, 1,000, and 1,500 msec us:ng corresponding computed dynamic
pressure values. The 200 msec value was chosen as most prodably correct

The results for the 3-lnch gage (No. 1) at Site Able are given in Figures 19 and 24. Except
for the correction to the axial drag pressure values, the plots of drag pressure versus time are
exactly as received from the smoothing and linearizing process.

Onlv one value of drag pressure, that at gero time, was used in computing a drag coefficient
because the indicated values nad become negative at 300 meec and would have indicated negative
drag coefficients.

The resuits for the 3-inch gage (No. 2) at Site Able are given in Figures 20 ard 24. In addi-
tion to the correction to the axial drag pressure values, several spikes on the axial and ver*icai
records were smoothed through. These spikes {irst appeared long Lefore the detonation and,
because of their regularity in time and shape, they could be zitriduted to a tape-drive defect and
smoothed with no fear of their being representative of sa actual drag pressure. The values, in
order of descenaing dynamic pressure, were takea at sero. $0C, 1,000, 1,500, 2,000, and 2,500
mseec. The value ‘aken as most probably correct occurred at zero ca the time scale.

The resulte for the 10-inch gage at Site Dog are given in Figurea 21 and 23. In addition t)
the correction to the axial drag pressure values, the vertical drag pressure plot was shifted
downwurd by 0.09 pst so that its tinal values coincided with the base line. Similarly, the trans-
verse drag pressure plot was shifted upward by 0.02 psi.

Only two drag coefficient values were determined for this gage since drag presaure values
became negative after 900 meec. The value of drag pressure corresponding to zero on the time
scale was chosen as the first value occurring after the rise and not the spike which came slightly
(ater.

The results for the 3-inch gage (No. 3) at Site Dog are given ia Figures 22 and 26. 1In addi-
tion to (e correction to the axial drag pressure values, the vertical drag presaure plot has heen
shifted upward by 0.07 pei 8o that ite {inal values coincided with the dase line. Similarly, the
transverse drag pressure plot was shified upward by 0.08 pet.

The indicated drag pressures dro~ped rapidly so that only the first of the four drag coefficient
values computed appears plausible.

The results for the 3-lach gage (No. 4) at Site Dog are given in Figures 23 and 23. In addi-
tion to the correctioa to the axial drag pressure values, the segmeats of the curve defined by
abrupt shifts in gage displacement were corrected as described previously.

Here, a8 in most of the previous records, the drag preseure appeared to 4rop rapidly and
the drag coefficient values dropped with corresponding rapidity. The most probable value of
drag cusfiicient was taat occurring at approximately sero oa the Sime acale.

Table 6 gives the moat probable values o drag coefliciont.

(Text comtinued on Page 40.)
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Figure 26 shows a plot of log Cp versus log Q for a 3-inch gage at 4,500 feet on the dust-
aden-air line of Operation Teapot. Comparison of the Operation Teapot curve with those for
the Operation Redwing curves shows little similarity except that drag coefficients for the Site
Alle gages are in the same general range for the peak values of §, and for the Site Doy gages
are congiderably lower.

CONCLLUSIONS

The oljectives set down for the spherical drag gage in\ estigations were not achieved. The
tdning conditicns under which it was necessary for the gages to operate coupled with dubwous
bLehavior on the part of the gages reduced attemrpts to interpret the data to speculation. A tabu-
lation f Most Probavie Peak Drag Coefficient Values (Table 6 18 given, however, the values
shuuld not Le considered authoritative but cather attempts to distill {rom the study any inform~-
tion which indicated trends and general behavior. The choice of these values was, i1n some re-
spects, arhitrary with past experience \n related studies serving as a guide.

RECOMMENDATIONS

Further testing shuouid be carried out to obtain clean-air classical wave dats in order to
bridge the gap between steadv-flow wind tunnel data and the data obtained on Operation Teapot.
Such studieg should not, however, be undertaken until a medium characteristic. more adequate
tha» dynamic pressure can be determined. Basic instruments for measuring such variables as
medium dengity, dust density, flow velocities, and viscosily (which are necessary in determii-
ing Q and R) should be used in coajunction with the drag gages.

©
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Part 3
MILITARY VEHICLES

ORJECTIVES

The primary objective of this part of Project 1.3 was to compare vehicls damage from a
classical wave to vehicle damage from a nonclassical wave. Specifically, the variation of dam-
age vmained from Shot Lacrosse 139.5 kt), Operation Redwing, and the damage obtained {rom
Shot 4 (43 kt), Operation Teapot, vas to Le investigated. Both shots were approximately the
same yield, but a precursor effect was observed on Shot 4, whereas on Shot Lacrosse no pre-
cursor effect was observed at the vehicle stations.

The secondary objective was to obtain {urther data from a wide range of yields (0.19 kt -
3.500 kt) rnct over the surfaces typical of the EPG.

BACKGROUNJD AND THEORY

The exposure of military vehicles under {ree field conditions dates back to Operation Buster-
Jangle. Data from this and succeeding operations have been used to construct damage prediction
charta. For certain blast conditions, further significant data were desired. The three shots on
Operation Redwing used {or jeep exposure were chosen to supplement the previous data.

1a past operations it has been st.own that different size trucks placed the same distance from
ground tero experienced approximately the same degree of damage. On Operation Redwing, the
exposed vehicles were all old-type (WW ID) V,-t0on trucks, but the damage data are spplicable to
ail ¥,-ton through 3-ton trucks and serve as a basis for estimating damage to similar drag-
sensitive targets.

OPERATIONS

Eghteen World War II jeeps (trucks, Y,-ton, 4 by 4, utility, Model M!Y) were used on Opera-
tion Redwing. A preshot vehicle-condition inspection was performed, and numbers were sten-
ciled on all malor components, sheet metal sections, and vehicles to facilitate postshot identifi-
cation. The windshields, canvas, and bows were removed before the vehicles were placed In
pusition. Station ranges from ground zerc were chosen on the basis of TM 23-200 (Reference
24). Steel stakes were driven into the ground beside the wheels of each positioned vehicle to
facilitate displacement measurements, and each vehicle was secured in that position by placing
the tranamission in reverse gear, the transfer case in low range, four-wheel drive, and by
engaging the hand brakes. The poetshot evaluation consisted of inspecting each vehicle and
measuring displacements. An attemt was made to start and operate each vehicle where prac-
tical. Venicles which could be operated within one man-hour of maintenance time were consid-
ered to be immediately combat usadble. Damage levels (light, moderate, and severe) as well as
type of maintenance were selected on a basis of man-hours required for repair:

Damage Level Man-hours Type of Maintenance Man-hours
Light -1 Organizational 0-86
Moderate 1-32 Field ¢ -3
Severe >32 Depot or Salvage >3
INSTRUMENTATION

Ten vehicles were exposed to Shat Lacrosse, a surface burst of a 39.3 kt device. The veht-
cles were placed in pairs at five stations ranging from 2,300 to 4,378 feet {rom ground gero,

]
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with one vehicle facing 1nto the blast (FO) and the other broadside to the blast (SO). These
stations are indicated :n Figure A.2 (Appendix). Figures 77 and 28 show the vehicles 1n place
and the yeneral ground vonditicns before the blast,

The exposure of 1eeps to Shot Zuni was a continuation ol the collection ¢t damage data from
multi-megaton devices begun during Operation Castle. Ten vehicles, including two recovered

(b) Stations 154.11 and 154.12

Figure 27 Ground conditions before Shot Lacrosse (toward ground zerol.

from Shot Lacrosse, were expceed Lo Shot Zuni. Eight vehicles were placed in pairs (one face-
on and one side-on) at four loca:ions ranging (rom 8,300 to 13,800 feet (e side-on vehicle
was placed at 7,000 {eet and ciie side-on vehicle was placed at 16,3500 feet. Figure A.4 shows
the approximate location of these stations, while Fig.ce 29 shows the vehicles \n position before

the blast.
a3
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(b) Sation 154.11
Figure 28 Vehicies in place before Shot Lacrosse.
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(f; Station 114.09
Figure 29 Continued.

Eixt vehicles were exposed to Shot Yuma, a 0.19 kt device detonated from a 200-foot tower.
Previcus to this shot the lowest yield weapor. to which vehicies had been exposed was approxie
matelv 1 kt, and it was desirable to extend damage prediction charts to the fractional ikt regioa.
The vehic! 28 were placed in pairs at four stations ranging from 130 feet to 400 feet from ground
zero. Iigure A.) indicates the approximate lacations of the vehicle stations. Figure 30 shows
vehicles in place before the shot.

RESULTS AND DISCUSSION

Tables 7, §, and 9 give the damage evaluation of data oltained on Shots La:rosse, 2uni, and
Yuma, respectively. Figures 31, 32, 33, 34, and 335 show the vehicle damage expe™:enced on
these shola

COMPARISON WITH TM 23-200

The report “ Capabilities of Atomic Weapons” (Reference 24) contains a chart of isodamage
contours for scaled height of burat (HOB) versus scaled ground range for use in the predictios

“ ‘Tent cuntimund on Page 53, )
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Figure 30 Vehicies in place Lelore Shot Yuma.
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(b) Satinn 134.10, 2,770 feet

Figure 31 Vehicle damage obtained on 3hat Lacyosse.
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(d) Mation 134.12, 3,900 feet
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(o) Ration 131.13, 4,37 feat

Figure 31 Continued.
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{c) Sation 1394.01, 8,300 feet, SO vehicle

Figure 32 Vehicle damage outtained on Shot Zuni.
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of damage to military vehicles. Ttus chart, shown in Figure 36, was constructed iw use of
Jdamage versus ground range curvee derived {rom the data accumulated through Operation Teaput.
The 1scdamage contours in the regular reflection region for the nigher HOB were aeterniined by
cuongadering the damage sensitavity of vehicles to peak overpressure as well as tu the mase tlow
vemponent uf the biast wave. The sodamage contour for the luow scaled HOB were easenuially
vertical. Below a scaled HOB of 100 foei, unly a tew data puints were available so the 1scdamage
vontours were catended to 2zero HOB Ly constructing them parallel to the coatouss of deal dvidine
Woprersare. Almost all the NTS vehicle damage data on which this chart was Lased were otalaed
1 3 PrecuUrs-ur region where pressure wave shapes were distorted.

The ground range tor a given jevel of damage and a given HOB has been found to vary with
the yielu, w, appriciuately as w’-¢, A detailed discussion of the chart construction and the en- .
tire proviem of dar "ag» prediction for venicles 18 contained in AFSWP 311 (Reference 23).

The damage data ott s.ned on Operation Redwing and Operation Teaput, Shot 4, are shown tn
Fiture J6 fur comrparisun with the prediction chart. The yield (43 kt) of Shot 4, Operation Tea-

t000 —— 'y N T T T ; T v v T =
; ' i
| | | g
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- - e e .“ *
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i .
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e 0 i
4 TZAPOT =138 FT 08 ;
- [} ; -t
ll i [ b
LU (a) LACROBSE (a) OFT. HOB
o A 'w M
o 00 o 300 ”m 900 600 0

OISTANCE FRON GROUND 2ER0 (YDS.!
Figure 36 Heigh-of-burst chart for damag~ ‘0 military vehicles (TM 23-200).

pot, was similar to the yield of Shot Lacrosse (39.3 kt) of Operation Redwing. Damage to the
vehicies was expressed as severe, moderate, or light (n accordance with the leve: of mainte-
nance required (0o restore the vehicles (o combat use. The HOB for the shots wa® scaled as
w 'y and the ground range was scaled as w'*,

As shown in Figure 36, the data from S0t ¢, Operation Teapot, (its the predicted waves very
well. However, a sigaificant decrease in damage radii for the EPG shots (s indicated.

Also shown ia Figure 38 is the orientation of each test vehicle, whether side-on (30) or {ace-
on (FO) to the blast. Thare was an indication of extended damage radil for the 50 vehicles, as
would Le expected for a drag-sensitive target. Tliis eflect appeared well in the overlap of the
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data points for Thots Zuni and | ccrosse even though no severe damage was obtained oa Lacrosse.
A stmular scheme was indicated by the Shot Yuma data points.

COMPARISON OF DAMAGE RADII VERSUS YIELD

In Reference 25 (AFSWP $11) the damage radii for seiected levels uf damage ooserved on a
number ol shots vn previous operaticns were examined as a function of weapon yield. The dam-
age radius for a selected level uf damage for & given shot was determired by expressing the
vehicle damage in terins of 10 categories, and plotting damage calegory versus ground rang~
The category for \ight damage was equited to 0.1, moderate damage to 0.3, and severe damage
to 0.8. Further descr ption of the categuries and definitions of light, moderate and severe cam-
age are given in Appendix B.

Damage . ategory versus ground :ange curves were plotted for the Operation Redwing suriace
sints. The ground range for 50 percent probability of moderate damage and 50 percent prote-
biiity of severe damage were then estimated. These damage radii are shown versus yield of
device in Figure 37 together with damage radii of NTS shots. All damage radii except {or Shot

'oo.ooo -y - v v vwvy g v AR vYyrvwey v v v TT'Y‘T .ﬁ—v v Y‘Y“'YJ
< - A ‘ 2
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YIELD OF WEAPON (KT)

Figure 37 Ground range versus yvield ior various damage levels for
EPG rurface shois and NTS shots of low scaied heigit of buret.

13, Operation Teapot, and the Operation Redwing shots were taken from AFSWP 511, Figure
20.

A line showing the variation of damage radius with yield raised to the 0.4 power was drawn
througi: the NTS data poants (n Figure 37. The line fits the data points well and substantiates
the use of this scaling factor for the range of yield measured. The demage radius for Shot
Lacrosse was significantly less than that of the corresponding NTS shots. When a liae corre-
sponding to scating damage radius of w*-* was drawn through the poist for Shot Lacrosse, it

s
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itersected the data poiats tor the other EPG surtace shots. Hence, the NTS shots and the EPG
shuls tormed two groups with duference damage radii but with simmilar scaling propertics.

The NTS shuts were detonated prinariiy at 4 scaied HOB between 100 and 300 teet, while the
LPU shots considiered were surface shots. However, under 1deal conditions the data of the two
proups should overtap, since the 1deal dynamic pressure and dvanamic impulse contours 4, ¢ es-
sentially vertical for a2 range of HOB from 0 to 300 teet. The coaclumion that the dufercrce in
damage radu ovserved 18 due primarily to the nonclassicatl disturved wave shapes which occurred
a: the ranges of sicmticant vehicle damage on the NTS shots and the esscentidliv classical wave
shapes which uociurred on the FPG shots is fuirther developed in succeeding paracraphs.

DYNAMIC PRESSURE EFFECTS ON DAMAGE

The peak dynamir pressure data ottained at the NTS showed considerable vaniation trom the
ideal values 1n the range of interest for daniage to vehicles. The peak dynamic pressure data

409 T RTTITT T
P —
o R {1 7]
e O-an—ﬁ
® - YumA
—‘ooh —
t E -
= e
5 — ——
!ac
i | -
&
.0 —
—
-
P
° 11 o bt i 1 1
00 300 1000 3000

CROUND RANGE (FT)

Figure 38 Peak dynamic pressure versus scaled
ground range (W' ), :

recorded at the EPG are shcwn compared to the peak dvnamic pressure curve for ideal condi-
tions 1n Figute 38. The pressures have been corrected for compresdibility elfects. The data
points are scattered about the iJeal curve and show that the peas values of dynamic pressure
ccrrespond to those of a classical wave,

Examination of the pressure-time wave forms 3. .« disturbed wave shapes and hence a pre-
cursor (hrmation on Shote Zuni ard Lacrosse. It was not strong and did not extend into the
region where eftects on vehicle damage radii could be produced. No disturbed wave shapes were
obeerved on Shot Yuma. Hence, the damage data obtained was for essor. ially (lassical type
blast waves.

Figure 38 shows that peak dynamic pressure scales well from a large range ol yields. The
fact that the Shot Yuma dnta obtained a icaled HOB of 347 {vet overlap the data obtained for

57
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surface shots contirms that for essentially classical blast waves the scaled ground range for a
given value of peak dynamic precursor remains esseatially constant for a range of HOB from 0
to N0 feet.

Although previcus operations have shown that peak dyna:nic pressure correlates well with
damage (References 26 and 27) this was experimentally confirmed over a lumited range of yields.
The EPG shots provided a comparison of peak dynamic pressure over a wide range of yields for
essentially classical waves. Table 10 gives vehicle orientation, velicle damage, and corre-
sponding peak uynamic pressure for Shots Yuma, Zunt and Lacr-sse.

On Shot Lacrosse, light damage was received primarily in the 0.8 to 2.2 psat dynamic pres-
sure region. However, on Shot Yuma, light damage was received in the 9.2 to 9 § psi dynamic
pressure range. Moderate damage was received in the 5.3 to 7.4 psi region on Shot Lacrosse
but at 24.8 pst on Shot Yuma. The moderate damage level was noted on Shot Zuat at 1.6 to 3.3
psi. Severe damage was noted on Shot Yuma {rom 24.8 to 136.8 psi. Severe damage was ob-
tained on Shot Zuni from 8.4 to 24.6 pcl.

The significance of this iucrease in peak dynamic pressure required for a given level of
damage on a low yield shot compared to a high-yield shot becomes evident whea the duratioa of

TABLE 10 DYNAMIC PRESSURE COMPARED WITH DAMAGE

¢ Pressure (ps1) for Da which is:

Shot Orientation Light Moderate Severe
Yuma ro 9.2, 9.6 24.8 136.8°
SO 9.2, 9.8 — 24.8, 13¢.8°
Zuni ro — e 3.3 6.4, 1.5, 16.9
80 o c— 1.6, 3.3 6.4, 1.5 169, 248
mnm N 0'.. ‘ooo 203. 3.3. 7.4 — ——
” “o.. ‘lo' 1-: ‘o’o 10‘ —
* Computed

the wave is considered. Severe damage was obtained oa Shot Zuai at 6.4 psl with a wave dura-
tion of 3,500 msec. On Shot Yuma the same damage occurred at 24.8 pet with a wave durstion
of 45 msec.

The requirement for ua increase ‘n peak dynamic pressure with a decrease (a wave duratioa
for constant damage was to be expected from the satisfaclory use of of damage radii
with w'¢, since the radius for a given peak dynamic pressure scales as w¥?, sod wave duration
varies with yieid. The calculations ia WT-9011, Appendix A, (Reference 26) in whi:h damage
radit are calculated for a classicai blast wave for a wide range of yields, imply that for large
yields the peak dynamic pressure is most important, while {fo~ small yields the dynamic impulse

becomes of equal importasce.

DIFFERENCE IN DAMAGE RADDI FOR CLASSICAL AND NONCLASSICAL
BLAST WAVES

A difference in damage radil ia shown for NTS shots and EPG shots ia detail in Flgure 39.
This figure shows a plot of the damage versus scaled Cround range for ¥,-toa trucks exposed
oa the NTS tower shots and the EPG surface shots. No distiaction of orientatios was made for
these data. The short vertical bars at the 1.0 damage level mark the maximum ground range
for which no damage less than 1.0 was obtained. The dashed curves represest the estimated
average curves. The locatioa of the predicted curve for suriace bursts from TM 23-200 (Figure
39) is indicated. The decreased ground range for this predicted curve represents a reduction
incorporated to account for probable shieiding effects on avarage terraia.

"
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Considerable differences 1i: damage radi between the NTS and EPG data 19 evident 1a Figuve
39. At the severe damage level {0.8) the reduction n damage radius from the NTS curve 18 35
percent for the EPG curve, .and the reduction below the TM 23-200 curve 13 28 percent.

The difference 11 HOB for the two groups 18 appreciable. However, under ideal conditions
(classical biast waves) the ground range for a given value of dynamic pressure vari 4 icss than
10 percent for HOB {from 0 to 300 feet scaled HOB. This range of HOB includes bota groups of
data.

If the eft. ctive yieid for L'ast 4«8 reduced by interaction between the fireball and the ground,
th-n the yield used 1n scaling the EPG data should be reduced to provide the proper comparison
with the NTS data. However, a reduction to 80 pcrcent of the yield (2.6 w) will increase the
scaled damage radu by only 10 percent.

Some reduction 11 damage radii may be due to the soft, sandy surface at the EPG. This
would have the effect of decreasing the force of impact of the vehicles with the surface as they

10
T
os O NTS SHOTS
O PPG SHOTS
o8 ® T™23-200
(O HNO8)
or
-
N
[ Y
S99 o-
[ ]
g
- 0e
]
” A
03 V.S P—oo——-o-Oo-J
o o
000 200 400 ¢00 000 1000 1200 900 16CO

CROUND RaRAL (FT)

Figure 39 Degree nf damage for ¥-ton truck vessus scaled ground range (1/W* %
for EPG surface shots and NTS snots of low scaled heights of burst.

were tumbled by the blast wave. However, this effect was protably less than the effect due to
the or'« station of the vehicl=s.

Dufferences due to the atmospheric pressure have not been considered, since the change in
damage radit with changes in atmospheric pressure a: e small (Reference 23).

Therefore, it la concluded that the large difference \n damage radit shown in Figures 37 and
39 18 due primarily to the occurrence of nonclassical wave shapes and associated higher drag
worces on t:'e NTS shots and classical wave shapes on the EPG shots. Hence. 'mage radil can
be changed significantly by the presence and extent of a precursor.

DISCV'SSION OF SHOT YUMA DAMAGE DATA

Shot Yuma was a fractional kiloton weapon (0.19 kt) with a scaled HOB of 347 feet. The NTS
tower shot data were for scaled HOB ranging from 100 feet to 232 feet and the lowest yield was

L))
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higher than Snot Yuma by a factor of 10. Siace Shot Yuma was a tower shot with no precursor
effect and was well below the yields of either the EPG or the NTS data, it was of interest to
examine the correiation of the groups indicated in Figure 37.

Figure 40 shows the 50 percent probability of moderate damage xnd the SO percent probability
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Figure 40 Ground range versus yield for various damage levels for EPG tower
Shot Yuma as compared with NTS tower shot and EPG surface shut data.

uf severe damage otxained from Shot Yuma. These data are presentsd along-with the extrapolated
curves of Figure 37.

As indicated in Figure 40, the Shot Yuma data points {it the extrapolated curve for the EPG
surface busa'e fairly well, However, the shot was of a relatively high scaled HOB and more
properly belongs ia the NTS group. The decrease iu range shown may resuit both from the lack
of precursor formalion and the short duration o the blast wave produced by the low yleld. A
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gurface burst of a similar low yield may show a similar decrease in range; and scaling by yield
varied to a constant power may be unsatisfactory for such low yields.

DISPLACEMENT OF Y,-TON TRUCKS

Since displacement, like damage, is a result of exposure to a biast wave, the displacements
measured (or the vehicles were examined for indication of a grouping of NTS and EPG data.
Plots of displacements versus ground range were made for each shot, and the probable grounc
ranges for 1), 20, 50, and 100 feet displacements were selected. These are shown plotied
versus yield ia Figure 41. The lines shown in Figure 41 are of slope 0.4, and fit the poiats for
each group very well,

Assuming that 1+ y NTS tower shots and the E™G surface shots were two groups distinguished
prunarily by type of blast wave (nonciassical versus classical) with scaling as W** applying to
each, the consistency within a group of the displacemnents data were examined. Ground ranges
were reduced by the factor (1/W* 9 and the displacements were plotted versus the sc~lcd
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Figure 41 Ground range versus yield for various displacement levels for EPG
surface stots and NTS shots of low scaled height of burst.

ground r.nges. The results for the EPG surface shots are shown in Figure 42. The displace-
ments .aerge well for the four shote considerd. The plot of the NTS data are shown in Figure
43. A line Indicates the center ol the EPG aistribution of points. In bath Figure 42 and Figure
43 the separation of SO from FO vehicles at the same ground range illustrates a larger displace-
ment for 3G vehicles. This is expected hecause of the larger presented area exposed to the
blast wave by the 30 vehiclies as compared '» the FO vehicles.

The consistency of division of the displaceent data between the EPG surface and the NTS
tower shots again indicate that they belong to two groups with approximately the same scaling
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facter. There 18 evidence to support the idea that the FO vehicles of each group and the SO ve-
hicles of each group may be scaled Ly the same factor but be represented by different lines.
Further analysis of existing data 1s necessary to define this separation,

CONCLUSIONS

The damage radi: for surface bursts at the EPG in the yield range of 40 kt to 3.5 Mt have
been determined and scaling of ground range for a given damage level 18 as W', where Was
the yield.

The .ciiage data indicate an appreciable reduction 1n damage radit for non-precursor condi-
tions (classical wave shapes). Non-precursor conditinns usually occur with surface bursts es-
pecially at the distances represented by the vehicle target locations.

The displacement data indicate that the radii for : given displacement are significantly re-
duced for non-precursor conditions (classical wave -hape.).

Light damage was produced by a fractional kiloton device at scaled ground ranges associated
with severe damage for a nomtwnal device.

Peak dynamic pressure associated with a given trend of damage varied considerably over a
wide range of yields. When considered alone it was not a satisfactory parameter for predicting
the level of damage sustained by wheeled vehicles.

RECOMMENDATIONS

1. It is recommended that further analysis considering the duration and dynamic impluse of
the blast wave be conducted to confirm the amount of reduction in damage radii of vehicles ex-
posed under non-precursor conditions.

2. It is rccommended that the extent of the precursor region be determined over the entire
range of device yields, and for the surface burst in particular,

3. It is recommended that the HOB verius range isodamage curves be revised to reflect the
damage radii for surface bursts.

4. Further investigation of displacemnent data (considering the jeep as a response gage) with
blast wave characteristics and vehicle damage is recommended.
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Part 4
CUBICLE STRUCTURE

OBJECTIVES

The primary objective of this part of Project 1.5 was to obtain diffraction and drag data on a
nonresponsive structure at a higher pressure and longer positive duration than had previously
been recorded. A secoadary objective was to validate model-scaling methods at higher pres-
sures and longer durations.

BACKGROUND

Measurements of air-blast loading on full-scale structures and cubicles were made on Opera-
tion Greenhouse, Upshot-Knothole, and Castle. The greatest effort was made on Operation
Upshot -Knotnole, where a large array of nonresponsive cubicles were used (see Reference 28).
A limited number of structures were inst:. umented on Operation Teapot and reported in Refer-
ence 33. Scaled models of cubicles have been instrumented in the BRL shock tube and reported
on in References 30, 31, and 32. The work in the shock tube has been confined uatil recently to
the initial or diffraction loading. The advent of multi-megaton devices with long positive-
pressure durations has placed more emphaais on drag loading as a damage criterion.

Operation Redwing afforded an excelient opportunity to instrument < structure exposed to a
megaton yield device. The structure used during Operation Castle (Relerence 28) was avalilable,
and Project 1.3 accepted the responsibility for obtaining pressure-time records on a limited
number of positions (see Figures 44 and 43). It was hoped that this information would correlate
with field data already available from previous operations. Scaled three-dimensional model
studies in the shock tute had checked with field results for low pressure and it was hoped that
this data would further validate model scaling in the moderate pressure range (15 to 20 psi).

The validity of scaling the diffraction phase of air-blast loading on a model to a full-size
structure for incident {ree-field overpressures of 3 psi and 6 psi has been well established in
reports {from BRL (References 30 and 31). Prediction methods were made using the shock tube
records {rom scaled models of the Project 3.1 structures exposed on Operation Upshot-Knothole
but they had not been checked at tiie higher overpressures. An attempt was macde to predict the
loading expected on a concrete cubicle exposed during Operation Teapnt. Here again the pre-
dicted curves could not be checked, because of the non-ideal blast wave which enveloped the
structures on all blast lines. The inethod used to predict the curves presented in this chapter
is outlined in the following section.

THEORY-LOADING PREDICTIONS

Scaled Model Method. A Yy-scale model of the Operation Redwicg structure was uxposed in
the PRL shock tube to record the air blast loading {rom a shock wave of the same peak over-
pressure as recorded near the field structure. The model was instrumented with miniature
plego-electric gages flush with the surface of the various faces of the model and (a locations
corresponding to similar positions on the field structure. From a large yleld device such as
Shot Zuni there was little decay in a (ree-stream-pressure-time record during the diffraction
loading phase and therefore a record from the step shock produced in the shock tube should
correlate well with field records when the time scaling factor ia applied.

Free-Stream Pressure Versus Time. To predict the air-dlast loading expected on a field
structure, i is {irst necessary to pmm the free-stream-pressure-versud-time curve ex-
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pected to cavelope the structure. The method used in this chapter has been published 1n Refer-
ence 31, The parameters which must be kaown or assumed are: device yield, height of burs:,
distance trom ground zero and type ot surface. The pretest prediction of the free-stream-
pressure-time cutve was based on a yield uf 2.5 Mt and a distance of 9,700 feet from ground
zero, which gave an expectew peak overpressure of 17.5 psi. This value was established {rom
the height-of-burst curves presented in TM 23-200 (Reference 24). The actual yield was 3.53
Mt and a peak overpressure of 23 ps1 was measured near the [ield structure. The measured
values uf yield and pressure will be used 10 establish a predicted curve of pressure versus
time by the method authined in Reference 33.

After determiming the peak pressurc expected at a given distance, it is necessary to predict
the wave shape. A semi-empirical equation from Refcrence 31 is thought to be the best avail-

able at present:

t Lt
Py() = Pyl =)0 = C = (4.1)

+

Where: Fg(t) - Overpressure ‘ntre blast wave at any time (t).
Ps - Peak overpressure {27 psi).
t, = Total positive duration (sec).

C : Decay constant.

The positive duration (t,) 13 vbtained from Refereace 2! and is 200 msec for a | kt yield or
3,038 msec for a 3.5 Mt yield. The measured duration from the twu curves presented in Figure
46 apprcximately 2,500 msec. The impulse (1,) expected from a pressure-time curve with a
peak overpressure of 23 ps: and a duration of 200 maec was determined from Reference 33 and
was found to be 1,500 psi msec. The factor still to be d~termined is the decay constant C,
which 18 a function of Pg, t, and I,. The value cf C as determined from Reference 33 was
1.45. Equatica 4.1 may now be written as follows:

t ¢
Pglt) = 23(1= goum) | ~1.45 3o (4.2)

From this equation, values of pressure from any time ty to t , can be determined. Enough
values were calculated to plot a curve of pressure versus time. These valuee aré listed in
Table 11 and plotied in Figu-e 46. The predicted or theoretical curve in Figure 46 was used
to carrect the step shock records from the shock tube.

Time Scaling. When scaling records of pressure versus time frc.n models to compare with
records from ful!-scale structures, it is first necessary tu scale the time units. This is a
st-aightforward procedure since the velocity of the shock front in the field may be assumed to
be the same as the velocity of the shock front in the shock tube for a given incident operpressure.
Therefore, tc scale it is necessary to consider only the difference in the size of the model and
{ield structure as the size-scaling factor. The tield structure was 36 times the size of the
model, therefore, | msec on a shock tube record should represent 36 maec of a field record.

Pressure Scaling. The shock wave produced in the shock tube is 2 step shock in which the
initial portion of the wave is (lat topped with no decay in pressure. The flat-topped portivn of
the wave envelopes the model, and the pressure-time records obtained must be adjusted pres-
sure wise to correlate with the decaying wave produced in the field. The shock-tube record is
adjusted by multiplying by a ratio of Pg(t)/Pg from the predicted free-stream field wave.

Pg(t) = P, i0) (x-‘-‘-) e ' (4.9
+

(1
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Where: PO} Peak overpressure  23.0 pay
C  Decay parameter 1.15
t, Positwve Duraticn 200 O mser for 1kt - 3,038.0 msec for 3.5 Mt.

t - Any time interval during the positive phase.

Presentation of Predicted Records. The same positions {from which field records were ob-
tained were nstrumented on the scaicd model, with one extra position on the rear face. The
records from che niodel were first scaled {ur time and then for pressure decay. These records
are presented in Figures 17 threugt 50, The first portion of the records have been expanded so

the diffraction teading can be acalvzed.

OPERATIONS

The 6 by 6 by 12-foot target struciurc utilized by Operation Castle Project 3.1 was renovated
for use on Shot Zuani. The structure, lucated on Site Uncle (9,700 {eet from ground zero), s
designated as Station 111 1n Figure 51 Nine positions v ere instrumented with Wiancko pressure
transducers. The predicted pressurc recosds were used to select gage ranges for the different
lovations. The positions selecied to instrument are given i Figure 4% and Table 12,

INSTRUMENTATION

Free-Fieid Measurements. Two stations, 156.01 and 156.02 were estatlished in the {ree-
stream region. Station 136.02, locateu .00 f~et in front of the structure, was insirumented Ly
Project 1.1 with oaz ground-baffle gage aid a q gage 7 feet above the grourd surface. Station
156.01 was located at the same ground rai ge as the structure and had a sclf-recording ground
baffle. an electronic qQ gage at a 5-foot elevation, and an electronic {ree-stream pressure gage
at a 10-foot elevation above the surface (Figure 51).

Types of Gages, Mounts, and Calitration. Wiancko type 3 PAD, var:able-reluctance pres-
sure gages were used to instrument the structure. This type of gaxe had an undamped natural
frequency higher thau 2,000 cps. The gages used were damped to 0.7 of critical. This amount
of damping Limited the amount of overshoot tc § percent, while permitting maximum responee
of the recording system. With this application of the Wiancko gage, the recording nystem, with
a rise time of approximately 0.4 msec, 18 the hinuting factcr tn recording pressure versus
time.

The electronic recording q gage placed at Station 156.01 was /1 \ne type ised by Stanford
Kesearch Institute during Operation Teapot (Reference 33), However. damping was adied to
the gage.

Mounts for the Wiancko gages in the structure were those used during Operation Castle.

The coatractor repaired and rencvated the mounts before gage installation. The gages were
mounted with the face of the gage flush with the structure.

After installation and ccnnection with the ri-cording system, the gages were calibrated by the
apphication of several increments of static pressure. The preesuic was applied {rom a portable
air-supply tank. A'l gages were calibrated in 20-perceat steps up to 100 percent of the pre-
dicted values. Added as a satety factor in event the yield went higher than precicted were a

125- and a 130-percent step.

DATA REQUIRED

The data required for a thcrough analysis of the air-blast d:ffraction and drag loading would
be a complete instrumentation of the field cubicle. The time between Shot Cherokee and Shot
Zunt was not sufficient to calibrate all the 29 planned gage positions. The nine instrumenrted
positions were chosen as the most representative cver the four surfaces but not necessarily
adequate for determining the average pressui e over a surface or a drag coefficient (Figure 92).
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TABLF 11 VALUES OF PREDICTED FREE-STREAM PRESSURE-TIME CLAVE
t t
%) -t ¢k et R A
. i h 1 ( t ) meec
< L 2 L
.00 .00 000 1.000 1.000 230 00.0
0.01 n.La 0.014 0.988 0.97¢ 22.4 30.4
002 .98 0.029 0.971 0.982 21.9 60.8
0.03 0.97 0.044 0.956 0.927 2.3 9l.1
0.04 .98 0.058 0.944 0 906 2).8 121.%
0.08 0,95 0.073 0.92¢ 0.882 20.3 182.0
0.08 0.94 0.037 0.917 9.082 19.8 102.3
0.07 0.93 0.102 0.903 0.84v 1.3 212.7
0.08 0.92 0.114% 0.890 0.819 1.8 243.0
c.og 0.91 0.131 0.877 0.798 10.4 273.4
Va0 0. % 0.14% 0.864 0.7178 17.9 0.8
0.13% 0.88 v.218 0.808 0.685 13.8 455.7
.20 0.80 0.290 0.748 0.598 13.8 607.6
0.23 0,78 0.363 0.692 0.519 11.9 7303
0.3¢ 0.7 0.432 0.647 0.453 10.4 1.4
0.40 C.ui 0.580 0.360 0.33 1.7 1,218.2
0.50 0.5¢ 0.728 0.484 0.242 s.¢ 1,518.0
0.89 0,40 0.870 0.419 0.168 3.9 1,822.8
0.70 o i.018 0.362 0.109 .3 2,128.¢
0.80 0.20 1.160 0.313 0.063 1.8 2,430.4
0.9C Cesl 1.308 0.21 0.027 0.6 2,734.2
1.00 .00 1.450 0.238 0.000 0.0 3,038.0
TABLE 12 STRUCTURE GACE LOCATIONS
G Distance {from Distance from Distance from
e Front Face Top Face Left Side ®
i a in
P-1 60 -— 72
pP-9 30 — 42
P-13 12 - 10
P-24 — 12 12.3
p-27 - 33.29 42.3
P-28 %4.23 13.28
P-34 — 12.28 7¢.50
P-44 36,8 .18 -
P-% — 48.29 12.28

* Lo side a8 viewed (rom grouad sero.
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To meet the primary objective of the project it was necessary to moasure the pressure-time
histury at selected positions over the variovs laces of the target structure. A record of pres-
sure sersus time can then be analyzed to uetermine {rom the pressure fluctuations, the time of
occurrence and strength of the vortex actisa amd tefiviicd waves that effect the air-blast diffrac-
ticn and di ag loading of a structure.

RESULTS

Front Face Measurements. The records of pressure verasus t.me from the front fac posi-
tw.ns are presented 1n Figure 33, Here it can be seen that the records do not follow the t. end
evpected for a classical shock wave input  For a prak overpressure of 23 psi the reflarted
pressure on the froat face under amuient conditions just prior to shot time should be approxi-
malely 72 psi. The reflected pressure measured on the {ront face gages salisly the predicted
value within the Limits of error that might be expected. The deviation from what might be ex-
pected from a classical shock wave can be aeen in the rate “ ‘lecay of the reflected to a stagna-
tion pressure. The reflected pressure on the {ront face of a siructure should decay to stagna-
ticn pressure within the time shown on the scaled up shock tube records shown in Figure 47 that

90+ .0]
{ T) TRONT [ 1)
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Figure 33 Structure front tace reccords, Positions 24, 27, 28.

19 approximately 23 msec. R can be seen in Figure 33 that there is little or no decay within the
first 100 meec at positions 24 and 27, while at position 38 the pressure had decayed to approxi-
mately 40 psi which s still much higher than would be predicted from a classical wave shape.
The total impulses meas:red at positiona 24, 27 and 28 were 6,333, 5,763 and 3,002 pel-msec
respectively. The posiiive durstions reported in the same order were 3,410, 3,608 and 2,808
meec.

Top Face Measurements. Good pressure messurements were made al the 'hree positions
instrumented along the top face. The pressure time history from Fosition 9 was not valid. As
can be seen 1n Figure 34, (here appeared to be a gage malfunctivn bejund the first 200 meec.
The dufraction phase of the record is believed to be valid when compared wih the other two

n
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positions. The attenuation of the initial pressu.e rise by the vortex action is seen in the record
from Position 13. This eifect becomes weaker as the shoch {ront moves across the top tr Posi-
tions 9 and 1. Some decrease in pressure after the initial rise is aleo contributed to the rare-
faction wave moving {rom the rear edge back over the top face. The effect because of the rare-
faction wave was greater at position ]} while the effect because of the vorten was greater at
Position 15. The umpulses from Positions 1 and 15 were 1,611 and 1,903 psi/msec while the
durations were 2,581 and 2,870 sec.

Back Face Measurements. Two positions were instrumented on the back face. The records
from Posit:ons 34 and 50 are presented ta Figure 35 and both appear to be valid. The records
show the slow build-up of pressure tc, a peak slightly less than the incident side-on pressure.
Pusition 30 built up to 3 peak preseure sooner than Positirn 34 and alsc decayed much slower,
The impulse trom Position 30 was 2,388 psi/msec which was also much greater than Position
34, which was 1,797 psi/mseec. The duration of the revord from Positina 50 was 2,887 sec as
compared to 2,749 sec from P.sunion 4.

Side Face and Free-Stream Measurements. One position was instrumented on the side of the
structure. This was Position 44 and the record 18 preaented in Figure 8. The record appears
tc be valid and the 1nitial position comperes with the record from Position 9 on the top face.

The side-on pressure record from the g gage is presented in rigure 38 along with the dyaamic
pressure vecurd. The measured dynamic pressure is much greater during the first 100 meec
than would Le expected 'fom caliulating the vaiues rom side-0a pressure.

Presentation of the surfac ¢ ievel pressure record, Statirn 15501, is made in Figure 48. No
usable record was obtained from the preasuie gage at the 10-foot elevation becadsse of mount
failure.

The side-on pressure records from the q gage and the ground ball'e gage at the Project 1.1
instrumented station 136.02 are presented in Figure 37.

DISCUSSION

Field Records. The records of pressure versus time measured on the {ield structure »ere
excellent 60 (ar as notse level, readability and playback terhniques were concerned. There
were no base line shifts at sero time and therefore the calibration curves were applied to the
records without the necessity of correction. With all the factnrs mentioned abnve \n favor of
reliable records there still appeared some (nconsistencies. On the front face the relief of re-
flected pressure was slow and Position 34 which should have shown the fastest decay of reflected
pressure actually recorded the slowest decay while Position 28 which should have held the re-
flected pressure longer, recorded the fastest presaure decay of the three gages.

The records from the top position appeared to be the most consistent. No explanation can be
givena for suvdden pressure decay of the record at Pusition 9, hut as menticned before, the first
200 maec appeared valid.

Positions 34 and 50 on the back face showed some inconsistency in pressure a“< impulse
values. Based on shock tube data, Position 34 should have recorded a ysax overpressure higher
than that recorded at Position 30 and also recorded a greater impulie. From the actual field
record, 'ust the reverse was recorded. These inconzistencies are mentioned to point out the
difficulty in checking the validity of shock tube scaliag and establishing any prediction method
based on shock tube data that could predict the records obtained from this structure.

Shock Tube Records. The records of pressure versus time measured on the scaled model
exposed in the shock tube were excellent and it is felt that Iif tae field structure had been envel-
oped by a classical shock wave the records presented in Figuree 47 through 30 would have been
representative oi the {ield records. Actually the front face fleld records showed the greatest
disaimilarity from the shock tube records, which {ollowed patterns similar to those set up and
reported \a Reference 32.
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Figure 33 Structure back face and slde face records, Positions 30, 34, 44.
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Comparison of Predicted and Measured Records. No co.uparison has been attempted for the
froat face records, except for the reflected pressure. The peak reflected pressures check, but
that 18 the only sumtlarity throughout the rert of the record.

The top {ace records showed 2 much betier correlation 1= the diffraction phase, but not n the
drag phase. It is felt (hat prrt of the imitial peak shown on the shock tube records was lost on
the field records because of the response time of the gages. In Positica 13, which was affec.2d
quickly vy the vortex, the lield records did not reach 10 ps1 while the shock tube record ceached
approximately incident pressure as expected. Positions 9 and 1 rvcords were not al!.cted as
soon Ly the vortex. Therefore, they reached higher pressures. It should be noted that the in-
cident {ree stream record required appioximately 75 msec to rcach a peak value. Therelore,
the vortex or rarefaction wave cin cause a decay in the initial rise before it can reach the peax
value.

The back positions also compared tavorably when the two input conditions were considered.
The {ield pressure wave with its slow rise will not reflect and form the strong vortices cver the

29 851 —
29 ?oir/«\f
19 19
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. 104 \ 1+
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o 1000 2000 300N 0 030 100
TiME (W SEC)
29 23

20° 20 4{
- 18 ¢ 19 .
(T £ 10¢ hNW"V\
3 mﬁ\'\w 3
" Py 5 . A

1000 2000 3000 o 030 0o
TINE (% SEC)

Figure 56 Dynamic and side-on records from Sation 136 V1.

! back {ace as shown on the shock tube records. Therefore, a slow buiid-up ¢l pressure over the
back face of t..e field structure would be expected.

The side face Prsition 44 showed excellent correlation between the (teld and shock tube re-
cords In the duffrartion phase, but as found in the other records, the drag phase loading was
much higher.

CONCLUSIONS AND RECOMMENDATIONS

The conclusions reached by the authors are stated as (nllows:

1. The field structure was enveloped Dy a non-ideal shock wave.

2. The (ield instrumentation is believed to be reliable and it reproduced the pressure time
history acting on the structure.

3. The number of positions instrumented was inadequate tuv obtain an average pressure over
tae surfaces for translational force.

4. The dufraction phase loading on the top, back and »idle was similar to what might be ex-
pected from shock tube dnta, Lut the loading on the front face was quite different.

S. Tne drag phase loading was much higher o all faces than would be predicted (rom snock
tube data which was based on a classical wave shupe.

§. The dynamic pressure was higher than would be predicted (rom the measured side-on
pressure, but it wes not as high as indicated from the drag loading measured on the structure.

7. The input conditions were vased on the side-on pressure from a q gage, 100 feet to the
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side of the structure, which may or may not have Leen the true conditions at the structure.

The recommendations presented for consideration are as f{ollows:

1. Full instrumentat:on should always be carried out whenever there is a possibility cf a
precursor being formed or a non-ideal wavé shape enveloping the target structure.

2. Frec-stres:n measurements should he as close as possible to the structure as insurance
that the true inpui conditions are knowa.

3. A greater emphasis should be made to simulate in the shock tube the actual field condr-
tions, expecia'ly wave shaping techniques.

™
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Part 5
OBJECTIVLES
Project 1.5 provided electronic instrumentation for Project 3.1, as well as the other phases
ot Project 1.3. Data required by these projecis necessitated the measurement of each of the
tollowing, veirsus time: dynamic pressure, side-on pressure, column detlection, column strain,
column acceleration, time of break of the frangible s:ing, and the acceleration of the footing at

each of the four Project 3.1 locations.
Project 1.5 provided ¢ lvc ronic recording and instrumentation on Skots Cherokee and Zuni.

BACKGROUND AND [t ORY

The iastrumentation requirements of Project 3.1 were sunilar to those of Project 3.7, Op-
eration Teapot. The irstrumentation ior Project 1 5 included recurdiag data from various
types of drag gages and irnstrumenting Station 111, a 6 by 6 Ly 12 foot cubizle descrived in
Part 4. The drag gages are described 'n Parts 1 and 2.

The multi-channel magnetic tape recording equipmem used during Operation Teapot was
modified to correct some of the difficulties encountered and used for Operation Redwing.

Representalives from Projects 3.1 and 1.5 met and decided on tke type, location, and ranges
of the gages fur Loth projects. Instrumentation for Project 1.5 drag gages was designed to in-
sure compatitulity of the transducers with the multi-channel magnetic iape recording system.

OPERATIONS

Project 1.5 (electronic measurement portion) participated 1n two eveats, Shots Cherokee
and Zuni.

The installation of the instrumentation and recording equipment waa started as soon as con-
struction had progressed sufficieatly. Instrument cables were installed after all heavy equip-
ment was removed from the area. The end-instrument calibration was accomplished upon com-
pietion of the cable installation. Faulty gages, recording equipment, and calibration techniques
were detected by analyzing the playback of the calibration records.

INSTRUMENTATION

The Project 3.1 structures were all instrumented ia a similar fashion. Mcasurement of
dynamic and side -on pressures were mads 9 and 29 feet aboveground. Acceleronelers wrre
mounted near the top of the center colu.nns i..rthest from ground zero (Fgure 58). Strain gages
were located on buth the front and rear center columns at 4, 8, and 13 [eet above the column
footing (Fiyure 59).

The 1nner three front columns of the b-type structures and all three froat columns of the
a-type structures were instrumented fosr deflection. The measurement was made between the
peint of the column where the bot:om cinord of the truss was attacii~d and a piling 4-iven into
the coral at a point 17 feet in front o’ e column. A fourth deile:’ «on. measurement was made
between the front and rear center columns immediately below tre hiottom chord f the truse.
Figure 38 gives details of the de: ection gage locations.

There were three time-of-break gages installed on each of the a-type structurea, one on
each side of the center on the front wall, and one centered on the rear wall. The gage wires

)
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Figure 39 Locations of strain gages and bridges.
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for the tront wall were run horiizontaily 8 leet abuveground and were 12 teet long. The gage
wire {or the rear wall was run n a sinular tashion and was 20 {cet long. Al three Lreak Liimes
were recurded on the same channel. The footing acceleration was measured Ly an accelerom-
ete o placed on the center rear footing of the 1 type strustures. This accelerometer was lucated
at the mame paint on the Project 3.1 a-] structure to measure its {ooiing acceleration. Figure
98 shows the position of the tont:ing accelerometer.

The Project 1.9 Station 111 was instrumenied with nine prensure gages, thiee 1n the fiont
wail, three i1n 'he top wall, tw in the rear wall, 4ad vne 11 a side wall. See Part 4 for aetails.
A presaure gaxe in a disc-halfle and two g .ayes were supplied « make iree field pressure
riedsurements. Oune f the tw g gages was oriented with its axis at an angle uf 45 degrees to
a line trom wround zero,

Dynamic pressure measuremerte were made w:th § gages developed by Sandia Corporation
and (urnished to the Rallistic Research Labworatories vy the Stan!crd Research Institute. Blast
type pressure measurements utilized Wiancko Engineering Company type JPAD-R Presaure

M G0 et 2 'Y%, Runrt
AR 20 ¢ 1Y%, 2
R 0w g 'Y, e
R SO e ¢ 1%, Suant
N9 O £ 1%, Lewtt .

Figure 60 Time-of-breax gage.

Gagi 3. lne accelerometers used were Wiancko Engineering Compary, type 3AA-T. The de-
fiectici gages were the type developed by BRL and described in Reference 'H  The column
strain measurements were made using C-5-1, SR-4 strain gages, arranged to measure the
bendig moment at three ievels on a column (See Figure 591, The strain gages were applied to
the column with Duco cement. Alter a sui‘able drying time the gages were moisture proofed
with & Liberal coat of hot petrosene wax, followed by a coat of Dow Corn:ng DC-4 silicone
gresse.

The tune-of-break gage was developed by BRL. It consisted of a resistance bridge arranged
as indicated in Figure 60, R2, RJ and R4 were cach shunted by a No. 32 wire stretched over the
frangible siding 1n such a manner t.at the breaking of the s:iding wuuid break the wvire. Break-
ing the wire would caues an unbalance of the resistance bridge and a corresponding voltage out-
put. The value of the three shunted resistors was chosen 80 that the breaking of each wire
wuid produce & unique output voltage amplitude.

Prwr to the shot, all gages were statically calibrated in conjunction with the entire recording
system in its field setup. Pressure and accelrration gages were calibrated by applying known
values of pressure and acceleration and recording the output. Deflection gages were calibrated
by using a simple analug converter tu simulate deflection. Expected values of strain were simu-
lated Ly shunting certain arms of the bridge with appropriste resistors. The time-of-dresk
gage wag calibrated by sim. lating the breaking of the frangible siding panels. All acceleration,
displacement, and strain channels were calibrated in the positive and negative directions. A
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posi ive signal 18 defined as that signal which 18 the initial output of the gage because of the ef-
fect 3 the blast on the structure or gage.

A electrical calibration signal was provided at the recording shelter and recorded immedi-
ately prior to both the calibration record and the shot record. The electrical calibration signals
were used to determine the drift of the recording system.

The rscording equipment used was a multi-channel, magnetic-tape recording system. This
system used the phase modulation principle. As many as 20 channels of data could be recorded
on a 33 mm magnetic tape. The recording system received its power {rom storage batteries.

An Edgerton, Germeshausen and Grier (EG&LG) blue box provided a zero time signal which
was recorded Ly each recording system.

During ins shot, FGLG remote-controlled relays operated the recording system sequence
timer which provided appropriate times and relay closures to operate the system.

In laboratory tests, the error in making dynamic measurements with the muiti-channel mag-
netic tape equipment had been found to amount to A maximum of : 8 percent. This error arose

TABLE 13 REV TO SYMBOLS USED

S mbnt Cage Tvpe Mesning
A Accelerometer A-} tap of exumm A-2, foul:ng
ety Drag Cage A. anigl, U tranoveres, v. vertcel

Bro gt or pair of Aigite. ham-
otor of gage, oot &§:t. gage serial

D Drapiscomont 1 right, 3. comter. 3. lef, ¢.
@ forential
r Wy Beam Pre Driage.

Angie-Bmm Meorisomal Bridge
Precsure-Lime  JvOrProssere metturemont.

FAPR, Prosture-Uume  Overprestury mastursmest (ree
ur

~N . -gage Dyssmue presoure.

rQe §-gnge 43 dagree oriometlon dynasue
preasure Mauan 111)

””» [ ¥ Suln-on or verpresture

Pla 9-onge 40 dag roe orieniation pide-o0
nresture @atien 114)

[ ] wr-beewm Rear Brdge

s Mresa Gage 1,2 0-fremk, ¢R.OR 1ILA

oitenn, 3. ¢, S-reaar ¢ R,
OR. 18 A position

™ T.me of Bread
v Angte-Bmw Verural Bridge.

primarily (rom static sources, such as nolse, drift, and croes talk. Under field conditions it
was expected that these errors might be twice as great, resulting in 1 probable accuracy of the

dats of ¢+ 12 percent.

To utilize the data recorded on magnetic tape, the latter was played back along with the
appropriate calibration record and reproduced on osciliographic photo-sensitive papger. To
determine the time 31 .erential between the breaking of the frangidble siding and the arrival of
the blast wave, the time-cl-break record and 8 pressure record from the nearest q gage oa the
same recording system were played back simuitaneously and displayed on the same oscillograph

record.

RESULTS

Taole 14 lists each channel instrumented by Project 1.3 together with remarks resulting
{rom examination of the records. Table 13 explains symbols used ia Table 14. Those records

s
SECRETY

R ey |



Aqruonsandy  idvy pioday poony; 1B T Q-IC

sqruonsanh 2 4 Plodeypoop 9 q
.._Htu.. oN ..n“ aqruonsend 1y plosmgpoon 98 piocsyoN ta
p o,:. pooDd o POy Yy 14 Z0TSt piodey poon g% piodeyox 2@
P40 ¢ PoOD p1osay poon ’s psoey on ra
posaY poon &4 pioseypoon  z M
piodsy e ¢ g Paosy poon T ed
PI02Y POOD 05 4 pioxaypony  z g
piosgoN T picosy poon g B4
proday pron e d piodaypoon 1y
piooey oo ¥ 4 POy PooD 14 10261 piodog proy 18 piosg OoN 184
pioday e 4 pJodey poo) iy NQUOTHND I B4 ge-ie
0 201 A [V Y
ey v e e e
p1ooay OO 97 d poosypoon g
Flo0ay po  Zot ® piocaMoN ¢a
piong poon  Si d ona . ooy ¢ Prowging g
oaon .z pIoday poon 9 panday on a o e
v“e: poed L - aqrunnsenly  3g) piosMoN 1@ .:-.ox_o te
pio>3u peod prIg pon g e Picosy pOOT, 2 84 !.::- Te
piosagox 7 A piosay puon gL A pIod2y pooD T Bd v8__ uo.-_- ._:._ .u .1
PIOIIWON TR ploray poo) €LY pioday pooD 134 'y
piorayON 1A piodayposn L ¥ Zo'IS1 PIOOIYPoOD T AY  TeIT pI034Y pooD
pic32MON  IH  $OEST ploxsy pod v @
pir03ay 3 —Q- a !8.. gh'& | ] . } o . °
sqrucimanhy 7 A pioday poon 10113 Picosy poon g8 poosyon g
PIO>aHPOOD 7 H PicOay PpoOD 101 @ siqruomend o g pioosgon 1@ -
dqruotis Inky tA pI029y poon - siquunnsendy s IOy pooD 1 g4 o
aqruonend IR cocst siqeuonsanh g plodey 110y ts pdoy Py T A g o
pIoI2Yy fTrIIRY ZA sqrvonsedy ¢ ¢ 1032 pool is Picoeyg poop 1 gy v
brooew poon 1 W ploday pooD 1€ A piodeypop LV proceypoon 1Pg  gu-1e -
siqronesny 1¢1 pioceypoun 1V w
pioiag porny 1A ploceypoon  IET 10181 Picowy pooD 9 Q reonesnd 98

nqruo s h N T0tst
piodray Jteg A

NP WY L 3 ]
PIodey Oy ta

0.

piodsypoon 9 g piocewoN  IQ sewnsenh g

pIOday pooD ts S1qUOTIS SN s
Jaday 1w ? .Y
plodoy 24 " pioseypon b g plosew™ 10 vy g
ploay s'eg TA piodog pooD T 84
P022y poo) £s Ll 1) ts
pioddYy vy i 10tsl pIodOY poon T B4
pioray [vriivg s Paodsy poon 184 piodoy sy | ¥
ploday Dy i paod2y poo) 18 ps 104 1a-1¢ SIqrUDe P, v
$#4023) poOnY) T4 pi032Yy ponn) Ty piodey poo) tv
PID I8y pooT; 14 P1033Yy proD) 1y Pinday pood 8 NPT *q
pI0OIY poO) 14 0251 piouday pont) va pi029y poo) ss Piodey o ta
P10y poon) Iy pioray oN tqa pioday ey ’e Mooy on ta
PO pon 7 g pro2y N 2@ proczypron g procgex 1@
pioday (vrisvy 1y pLo2IN N ra prodeg oN ts s manhy 7 g4
piciay 21wy 14 €0zt piodaYy prn) ted piorey iy 1e PI0I 2y poew) Y]
PIOIIY Py Mg Piudey 1’0 g [ ¥ § piod sy poony 184
aqruneanny tw  zozst ploroupemy 1gd  Ce-It piodeypoy  {y  ge-it poogpoon  The 19 Ig
ey sreuay aBvry  uone w0y ey vy afey  wnexn syivway vy  wyeIny yirmay Ny eonwron

SLTISTN NOILVINININION' 40 ANVANIS *1 31@8YS




indicated as partial records were records which appeared reasonable up to a certain time and
then became unusual in some resp-ct. Those records indicated as quastionable were records
that had drifted out of the calibrated range or showed some anomaly that could aifect the valid-
ity of the record. Those records indicated as fair record were records that were abnormally

noisy, or of low amplitude.

DISCUSSION

The bombing error on Shot Cherokee caused the loss of some strain gage chanreis and in-
fluenced the validity and utility of several other instrumentation channels. The lost or Question-
able channels caused by the bombing error were due to the thermal energy and the shock wave
coming ta from an angle widely different {rom that expected, and of a Gifferent magnitude than
that expected. The loss of the deflection gage records resulted from the corrosive effects of

the salt atmosphere on the gage wire.

CONCLUSIONS AND RECOMMENDATIONS

Eleven of the no record or questionable records of the Project 3.1 strain gage channeln were
Jirectly attributable to thermal damage resulting {from the thermal energy coming in {from an

s - angle widely diuferent from that expected.
It 1s recommended that the BRL deflection gage should utilize a gage wire that is not effected

by the salt atmosphere when it ‘s used at the EPG.
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Appendin A
INSTRUMENTATION SUMMARY

A.l STATIONS AND INSTRUMENTATION A.2 STATION LOCATIONS

A towal of 28 stations were inatrumented oa four shots; The station locations, grownd distanzes, asimuths
13 of e stations were electronically recorded, and (rom ground sere, type aad aumbers of gages used
1S were ' ¢ ton vehicle stations. Theee utilized. In for the bear=a, spheres, cubicle, and jeeps for each
ail, 42 slectronically recorded channels (including shot are iadicated ia Tables A.2 through A.S.
Juplicate back-up channeie uvoed for the WF-Beamas?

and an effective total of 29 jeepe and were located on A3 NELD LAYOUT

a wtal of 11 (slands Rhree man-made) in the two atolls.
Contractor support was given (a the constructioa of
mounts, recordiag eheiter, aad cable diching. Also

The blast line layout for the iastrumentstion covered
is Table A.1 18 shown ia Figures A.l, A.2, A.3, and

provided were the surveyed vehicle positions and rea- Al
ovavna of the Operstioa Castle 3,10 structure and in-
strument ahelter.
]
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TABLE A.1 STATION AND INSTRUMENTATION SUMMARY

Numbc, of
Number
Typc vi Gages or Number of ) .
Shot s of Stations Scnsors per Channels Type of Transducer
tations
Staton
Ch>ruokee 4 WF -Bman: 2 16 Stra:n
Cherokee 4 Angle lron 4 16 Strain
Chw rrkee 2 3-in-dia. Spheres 2 12 Strain
Cherokee 2 10-1n-dia. Sphe-res 1 6 Strain
dum | 6x6x12-1t 9 9 Wiancho Static
Structural Target Pressure
2 1 Dvnamic Pressurc
1 1 Pressure-Time
Zuni (] !4 ton Jeeps - -
Lacrossc (] 14 ton Jeeps - - -
Yuma 4 14 ton Jeeps - -
TAALE A.2 STATION LOCATIONS FOR SHOT CHEROKEE
Disance Azimuth Type and Number of »i=asurements
Saucn laland {rom from 3-1n. 10-1n. WF- Angle
Nutnber Ground Zero. Ground Zero,
nte . 1 sod Sphere Sphere Beam Iron
[ deg min sec _
131.01  Able 12,000 247 24 2 1 - -
182.01 Abie 12,000 247 14 18 - - 1 -
183.00 Able 12,700 "7 20 M4 - - - 1
182.02 Man-Made No. | 20,458 103 57 .2 - - 1 -
Reef I1siand
153.02 Maa~Made No. 1 20,489 108 82 08.8 - - - 1
Reef laland
182.03 Man-Made No. 2 23,9483 103 42 09.2 - - 1 -
Roef loland
183.03 Maa-Made No. 2 23,988 103 37 3¢ - - - 1
Reef lsland
181.02 Dog 38,380 " 23 2 1 - -
182.04 Dog 38,300 “ 20 12 - - 1 -
183.04 Dog 35,800 ™ 22 2 - - - 1
]
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TABLE A.3 STATION LOCATIONS FOR SHOT LACROSSE

Station Distance Aztmuth Type and Number
Number island from from of Measurements
uiv Ground Zero Ground Zero Vehicles
- ft deg mun  sec sO* rot
184.09 Yvonne 2,500 156 48 “" 1 1
1$4.00 Yvonne 2,770 158 $2 S0 1 1
154.11 Yvonne 3,350 147 16 48 1 1
188.12 Yvonne 3,900 149 58 42 1 1
154.13 Yvonne 4,400 148 46 17 1 1

¢ Sidy-on orientativn.
V Face~on orientation.

TABLE A.4 STATION LOCATIONS FOR SHOT YUMA

Station Diatance Azimuth Type and Number
Number leland from from of Measurements
u Ground Zero Ground Zero Vehicles
R deg min sec  80° FOf
154.08 Sally 180 12* 41 09 1 1
154.08 Sally 230 154 87 18 1 1
184.07 Sally 380 122 22 13 1 1
184.08 Sally 400 120 )} 03 1 i
¢ Side-on orientation.

t Face-on ortentation.

TABLE A.3 STATION LOCATIONS FOR SHOT ZUNI

Station Distance Azimuth Type and Number of Measurements
Number 1sland from from Structural Targe. Vehicles
Ground Zero Ground Zero Py Pt 803 Frod
n deg min sec

111 Unocle 10,018 267 41 12 [ ] - - -
114.07 Roger 2,004 3 22 23 - - 1 -
184.01 Roger 8,300 84 17 3 - - 1 1
184.02 Peter 10,400 [ 2] 26 19 - - 1 1
184.03 Peter 11,700 [ } 6 02 - - 1 1
154.0¢ Peter 13,800 a2 21 21 - - 1 1
114.09 Oboe 16,800  }] 0 1) - - 1 -
186.01 Uncle 9,700 267 41 12 | 1 - -
188.63 Unele 8,600 207 41 2 1 1 - -

¢ Pressure time.

t Dynamic pressure time.

$ Side~on orieatation.

§ Pave-oa orientation.

0
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Figure A.1 Blast line layout for Shot Cherokee, struct.ral members and spheres.
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Appendix 8
CATEGORIES of VEHICLE DAMAGE

combat used. Eraniple  vadi-
ator repair and replacenwnt of
a'nt whes] requirea.

The three hamic categuries of damage for vehicles are
Jelined as foiiong wrterence 25

Scrvere damag (8 that damage which 18 sufficient to
prevent the accompiishment of any useful military func-
tion and the repair of which (8 vesentiaily impossible
without remnal (o 8 major repair facility.

Moderate damage 18 that Jamage which is sufficient
o prevent any milILary use untii some repairs are ef-

0.7 Field maintenance required
tmore than 1¢ man- hours).
Exampie: severe damage (o
rau stor and {rame or steerning
columa badiy bent ac a9 to

fected. nterfere with stecring
Light damage 18 tha: damage which dues nst serious - ) :
iv interfere with immediate mitary operatior ® but ne- 0.8 Depot maintenance 1equired

irelatively munor). Exampic:
entire badv and instrurents,
steering wheel, sht .evers,
hood, and fue. tank crushed

cessitatc s some repalt to restore the tem 1o complete
military veefu.nrss.

The numbered categories of damage (0.1, C.2 thru
1.01 are described as follone:

Degree of Damage Damage Description and badly bent.
0.9 Depot maintenance required
0.1 Brohen glass only. textensive). Exampie: buodv
Brok bent badly bent and twisted, grill
0.2 but "r:l::: and parts. and radiator blov+ back around
aad ’ engine, carburelor blown off,
2.3 Yelucle turned on side, oper- shock abenrbers bent. cliutch
ative. inope rative.
0.4 Vehicle rolied. operative, 1.0 Velicle completely destroved
0.3 Some iminediste organizs.. mnal (saivage).
mantensnce requl-ed before Severe, moderate. and .ight damage were defined
ueabdle. ae the 0.8, 0.3, and 0.1 points, respectively.
0.C Field maintonance required 4

to 10 man-~-hours to restore W
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Appendix €
TEST ORGANIZATION

Pi*OJECT COORDINATOR

J. J. Meszaros

PROJECT 1.1 PROJECT 1.8 PROJECT 1.8
(Drag Gages) (Llectroni¢ instrumentation)
C. . Kungery, Pro}. Dar. A E. Reisler, Proj. Drr. G. L. Rosrk Co., Proj. Dar.
C. N. Hoover, Dep. Dir. H. 8. Burden, Dep. Dir. £. G. Schwartz Co., Pruj. Dir.
3. H. Keefer J. D. Day 3. W. Hughes
R. 7. Blachmer R. W. McNel E. A. O'Lesry
0. P. Lelevre A. L. Holiday B. A. Pottit
T. 7. Rips M. R Johason C. C. Vaa Soye
L. O. Engel H. W. Wagenblast H. R. Brownles
P. A, Cleveager R O Nose W. W, Steger
8. 8. Campbell G, E. Simkin
R. A. Osste
R J. Skulia
H. Xurlane
|
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Detense Nuclear Agency
6801 Telegraph Road
Alexandria, Virgima 22310-3398

ERRATA 14 September 1995
Ab- 96/ 774

MEMORANDUM TO DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCD/Mr Bill Bush

SUBJECT: Change of Distribution Statement

The following documents have been downgraded to Unclassified
and the distribution statement changed to Statement A:

WT-1307, AD-311926 WT-1305, AD-361774
POR-2011, AD-352684 WT-1303, AD-339277
WT-1405, AD-611229 WT-1408, AD-344937
WT-1420, AD-B001855 WT-1417, AD-360872
WT-1423, AD-460283 WT-1348, AD-362108
WT-1422, AD-615737 WT-1349, AD-361977
WT-1225, AD-460282 WT-1340, AD-357964

WT-1437, AD-311158
WT-1404, AD-491310
WT-1421, AD-691406
WT-1304, AD-357971

1[L.0/&

If you have any questions, please call MS Ardith Jarrett, at
325-1034.

FOR THE DIRECTOR:

Aaditd
JOSEPHINE WOOD

Chief
Technical Support
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